| DESCRI PTI ON HYDROTREATI NG CATALYST, PROCESS FOR PRODUCI NG SAME, AND

PROCESS FOR HYDROTREATI NG HYDROCARBON O L TECHNI CAL FI ELD The
present invention relates to a hydrotreating catal yst for renoving a
sul fur content and a nitrogen content froma hydrocarbon oil in the

presence of hydrogen, and a 10process for producing the hydrotreating
catalyst. Further, the invention also relates to a hydrotreating
process for renoving a sul fur conDBYCRARTION ni trogen content from a
hydr ocarbon oil in the presence of hydrogen. Priority is

cl ai med on Japanese Patent Application No. 2009-070587, filed March
23, 2009, and Japanese Patent Application No. 2009-070589, filed

March 23, 15 20HR0TRINTIROLEAEA ST, PRODESSIFOR PRODRIIAGEZAINE! £ND by
ref erence. BACKGROUND ART [ 0002] In recent years, there have been

grow ng demands fopgidiEdefoR ﬂm h@]ﬁ@é@hﬁﬂbl\?@& ent in
liquid fuels. In response to t enan s fuel oil producers have
al ready. i nvesti gated vari ous processes for producing clean fuels. In

particdﬁar, the adoption of a limt of not nore than 10 ppmfor the
sul fur content of gasoline has |.ac @%gyﬁg?gil producers introducing
various counterneasures such as 1'F ysts and expanded
facilities, 2bhCGenerally, the nain base for gasoline is a cracked
gasoline pV@@Uced inafluid 2 catalytic cracker (FCC). Accordingly,
in order to reduce the sulfur content_in gasoline, reducing the
sul fur content viterreseatanenionclats t@aémrpﬁa@ﬂpg c3felys ?frfﬁ’@PYlaﬁﬂs‘ﬂfur
The sul fur content within a cracked gasollne i s dependent on the
sul fur contaatent swid driitroganeconigatufiom g hzdrorarbantedt infthmpreseaersofdydrogen, pata
feedstock, and it is well known that a

10 process for producing the hydrotreating catalyst. Further, the invention also relates to a

hydrotreating process for removing a sulfur content and a nitrogen content from a
hydrocarbon oil in the presence of hydrogen.

Priority is claimed on Japanese Patent Application No. 2009-070587, filed
March 23, 2009, and Japanese Patent Application No. 2009-070589, filed March 23,

15 2009, the contents of which are incorporated herein by reference.

BACKGROUND ART

[0002]

In recent years, there have been growing demands for further reductions in the

20  sulfur content in liquid fuels. In response to these demands, fuel oil producers have

already investigated various processes for producing clean fuels. In particular, the
adoption of a limit of not more than 10 ppm for the sulfur content of gasoline has lead to
fuel oil producers introducing various countermeasures such as improved catalysts and
expanded facilities.

25 Generally, the main base for gasoline is a cracked gasoline produced in a fluid



5hi gher sul fur content within the vacuumgas oil results in a higher
sul fur content within the cracked gasoline. Accordingly, in order to
produce a cl ean gasoline having a | ow sul fur content, the sulfur
content nust first be renoved fromthe vacuum gas oil that functions
as the FCC feedstock. In a hydrotreatifg process used for

desul furizing a vacuumgas oil (nanely, a 10 FCC pretreatnent), a

t reat nent daglyiwedckst (PECH.or Adrdinglytn aldet theednae themulfiasonteht in gasoline,
subj ected to hydrotreating in a fixed bed reactor packed with a

hydr ot r eatiefghifahebilSit coltfifl @fithén hisicRRRROIasHdi9gan ifgstaand under
conditions of high tenperature and high pressure. A catalyst prepared

by supporting afrh@&tmff %xﬁehtrmthﬁt a SHORAFasoTRE WREBHABA O (EORBE cdMferd
carrier such as alumna is widely used as the hydrotreating catal yst.

151t is k gg,t\tgyh{%%c&u%%%g%gl%ét%t&a& z%%@ﬁétgéeh%tod&‘%ﬂd“ﬂ lsfwanetomﬁatag

is affect carrier used, an e type and amount of

acti Vatse d S‘tlﬁ‘z teA: %ﬁh%i( %EQL&J’UD] Qof) ‘%{'.s%ﬂé n%’ﬁ%[é? Iglﬁlﬁjlr ?ﬁtérﬁ l\ﬁ%ﬁis

t he effect arrier um na |ca e activate

t al I bd bd .
Non. Pat ent MogETH s PpeshHEesly H%Otﬂ%gﬁﬁ% AFieBhE R PeaiSn
catal ysts that use 20zirconia or tlﬁtr%%?a as t e c rrier, and. nickel

or tungst eWiEsconrat fe sulfr cogtenbioyst RSPy F\I&?F“F"@tg@ﬁf’l ument
[0003] 25Non-Patent Docunent 1: Applied Catalysis A Ceneral,

publ i shed fyctpnsasheFCC feedgipsk. 2008, pp. 80 to 88. Non- Pat ent
Docunent 2: Applied Catalysis A: General, published by Elsevier, 257,
2004, pp. 157 t dn4BudrosErisepOseREsTHor ApsETmIZiRg a vacuum gas oil (namely, a

10 FCC pretreatment), a treatment is usually performed in which the vacuum gas oil is
subjected to hydrotreating in a fixed bed reactor packed with a hydrotreating catalyst,
under a stream of hydrogen gas and under conditions of high temperature and high
pressure. A catalyst prepared by supporting an activated metal such as molybdenum or
cobalt on a carrier such as alumina is widely used as the hydrotreating catalyst.

15 It is known that the desulfurization activity during hydrotreating is affected by
the type of carrier used, and the type and amount of activated metal used. For example,
Non-Patent Document 1 discloses the effects of the camrier (alumina or silica) and the
activated metal (molybdenum or a mixture of molybdenum and cobalt). Further
Non-Patent Document 2 describes the desulfurization activity of catalysts that use

20  zirconia or titania as the carrier, and nickel or tungsten as the activated metal.

CITATION LIST
Non-Patent Document
[0003]

25 Non-Patent Document 1:  Applied Catalysis A: General, published by Elsevier,



Probl enms to be solved by the Invention [0004] However, a
hydrotreati ng catal yst for a vacuumgas oil requires not only high
desul furization activity, but also a high denitrification activity.
This is because the 10catal yst used in the FCC is poi soned by
conpounds containing nitrogen, resultifg in a reduction in the yield
of cracked gasoline. Despite long years of research and inprovenents,
there are pggmgm;hygoq)&nomn hydrotreating catal ysts that exhibit not
only desul furization activity, but also a high denitrification

activity. 15An %%Een@bo&di‘ﬁenpiz_esﬁ?ﬁlieﬁ DEBINsEOD Géhetal pAblRKEABY Blsevier,
hydrotreati ng catal yst that exhibits excellent |evels of both

desul furi zagi edhsagt ¥ tyy@nd denitrification activity, and a process
for producing sugﬁia tydrofreating catal yst. Further, another object

of the present invention is to provide a process for hydrotreating a
hydrocarbon oil that enables a sulfur content and a nitrogen content

to be fectively renoved. 5? gyggg & r object of the
presen?ginvention is to pro ﬁgﬁgﬁ%#8%§ ?ﬂ% @ducing a
hydrotreatin catalysé@that enabl es a hydrotreating catal yst having
excel | ent R%ﬁ%ﬁ@tQﬁCQ9 A b EEPY PR at i on activity and denitrification
activity to be produced with conparative ease. Means for Solving the
Probl em 4099 present invention adopts the aspects described bel ow.
[1] A hydrotreating catal yst prepared by supportin nqubdenunk
cobal t and ni ckdélovwsneraa bydretreating exinlast ﬁ@rrfgvaawumgmmig regyigs @ghonly high
phosphorus and boron, and then performng a presulfiding treatnent,
wher ei n 5t desulfivenbaeacsiviag biragsorabiple denfitoificatipnyabtid hu mIby lif hegeusstheh | s
greater than 1.0 but

10 catalyst used in the FCC is poisoned by compounds containing nitrogen, resulting in a

reduction in the yield of cracked gasoline.

Despite long years of research and improvements, there are currently no known
hydrotreating catalysts that exhibit not only desulfurization activity, but also a high
denitrification activity.

15 An object of the present invention is to provide a hydrotreating catalyst that
exhibits excellent levels of both desulfurization activity and denitrification activity, and a
process for producing such a hydrofreating catalyst. Further, another object of the
present invention is to provide a process for hydrotreating a hydrocarbon oil that enables
a sulfur content and a nitrogen content to be effectively removed. Moreover, yet

20  another object of the present invention is to provide a process for producing a

hydrotreating catalyst that enables a hydrotreating catalyst having excellent levels of both

desulfurization activity and denitrification activity to be produced with comparative ease.

Means for Solving the Problem

25 [0005)



not nore than 1.9. [2] The hydrotreating catal yst according to [1],
wherein the carrier contains: (a) an alum num content, cal cul ated as
al um num oxi de (Al 203), of not less than 75% by mass, (b) a silicon
content, calculated as silicon oxide (Si02), of 0.2 to 10.0% by nass,
(c) a 10 phosphorus content, cal cul ateg as phosphorus oxide (P205),

of 1.0 to 5.0% by mass, and (d) a boron content, cal cul ated as boron
oxi de (B203), 0fThd pfksém ish@nth AdypEBRishdetsaiécsdtiddd bélewnmass of the
overall carrier totals 100% by mass). [3] The hydrotreating catal yst
accordi ng [ 1]a Qdrdtehting\B@ Rk Prepfrd B e yaeing RbbaiCalierdiat ed
as nnlybdé%8n1ok}g£ (NbOd?@li%ﬁPrgn1loy?gbZSOoggm%ass, (0 a 15 cobalt

' ; i A e horhsSan 1la P
content, c gfé&i%%gﬁ@'@rﬁ%ﬂﬁﬁl ﬂxégﬁgj a@gxoqhéa fi158H0r &m&ﬁ@ﬂ)ﬁga

mass, and a ni ckel content,’ c ted as nickel oxide (N O,

from0.2 t % by i ded the nmass of the overall
hydr otreaté)rﬁ%ugdé%@%/agﬁa b 1g‘{rgﬁ{loo% by mass). [4] A process for

producing a hydrotreati catal yst . th rocess.incl.udi ng, subj i ng
a catal¥yst precHsDFaER ?‘gﬂ%‘?gela“%%?f & W@@Flﬁﬁn ﬁ’%ﬁg%% RO e%E?B ﬁxgﬁi SiJta‘:?]il(ﬁ

ni ckel 20on a carrier. containing alumnum silicon, phosphorus and
boron, to WHESEPRidi ng treatment such that the average stacking
nunber for_nol ybdenum sul fide slab followi ng sulfidization i s greater
than 1.0 bidl notThedydrofreaiing ratglyst accqraing jo [ d.Gelissain fhscanicypeiaiesaid) Ag a
hydrocarbon oil, the process including bringing the hydrocarbon oi

i nt o cont ademigumicontest, kglawleted exalimpumanxido(@dCab o nefilesy thas 7aMbyoRessof
[1] to 25[3] in the presence of hydrogen. 5 [6] A process for

produci ng ¢) hyilicot consnt, wgledated by stiontdxadedBisbp of 0i2rio [10.8¥rgy. mass, (c)a  a
first step of mxing an acidic alum num salt aqueous solution and a
basi ¢ H unplivgphosl dona) edudatsdhsuhosphorus okhie (Pral efit © tob.Ophipsphst and
ions and silicate ions to achieve a pHof 6.5 to 9.5, thereby

obt ai ni ng @) hyekoatceutefact@lAThs Do dideqBeD) GO LN010% bhadtygioaidedt o
prepare a carrier-formng material, a third step of nolding and

cal ci ni ng ﬁqeﬁm@saafﬁh@évéfmmmtflsfamod%bymsgbt ain a carrier,

IS

a fourth step of supporting nol ybdenum cobalt and nickel on the

carrier t 0[3%'00btﬁieﬁ5y@roﬁ@§1ﬁ’1@(:§ljély9ﬂ' REYHERE %o [13BH[2], wherein (e) a molybdenum

content, calculated as molybdenum oxide (MoOs), is from 10 to 23% by mass, (f) a

15  cobalt content, calculated as cobalt oxide (Co0Q), is from 1.0 to 5.0% by mass, and (g) a
nickel content, calculated as nickel oxide (NiO), is from 0.2 to 3.0% by mass (provided
the mass of the overall hydrotreating catalyst totals 100% by mass).
[4] A process for producing a hydrotreating catalyst, the process including
subjecting a catalyst precursor, prepared by supporting molybdenum, cobalt and nickel

20  on a carrier containing aluminum, silicon, phosphorus and boron, to a presulfiding
treatment such that the average stacking number for molybdenum sulfide slab following
sulfidization is greater than 1.0 but not more than 1.9.
[5] A process for hydrotreating a hydrocarbon oil, the process including bringing the
hydrocarbon oil into contact with the hydrotreating catalyst according to any one of [1] to

25  [3]in the presence of hydrogen.



a fifth step of performng a presulfiding treatnent by bringing the
catal yst precursor into contact with a m xed gas contai ni ng hydrogen
and hydrogen sul fide under conditions including a pressure of not

| ess than 2.0 MPa and a nmaxi numtenperature of 240 to 380C. 15[ 7] The
process for producing a hydrotreating gatalyst according to [6],
wherein the supporting of nolybdenum cobalt and nickel on the

carrier i swger f ol gP5hsd fbé‘i)h?élf]{%%g ﬁﬁ%tr%ing QQ@IRQ?&E ?gci%&';s%&ﬂﬂn

carboxylic acid conpoun rotréati ng catal yst acco@di ng to

any one of [1] tacﬁrit%legfo?{g Hg %?at%i' 1ic Qliglrﬁlgl? Paﬁt%%ﬁ%%@%flﬁ@éndgn%% t}?ﬁg [6] or

[7] . 20 Advant agéous Cts e I'nvention
hydrotreatin .catat st of e _present inv i on . exhibits.excellent
evel s of UOTRSHRtEP R R B B Piersr A e ot B TURIage 61 1 y.
25By using the prqcess faqr rgguc'ng,azg%%rotreating cat al yst
accor di ng %’wfﬁgpﬁéggéég§ﬁtRP EAPEBHE A ot r eat i ng cat al yst
havi ng excel l ent | evels of both desul furization activity and
deni t ri¥i cati ona&eqondstep of addingbasern@ kel dite o reendput eAii¢eoBRss .
By enploying the process for hydrotreating a hydrocarbon oi
accor di ng mgetidle present invention, the sulfur content and the
nitrogen content within the hydrocarbon oil 5can be effectively
renoved. BEST MabDhrd=0 dARRYnEG Ol ciiiE tHeoENFH @M il al Thebtpinas ent
invention is described belowin detail. 10A hydrotreating catal yst
accordi ng dagied, first aspect of the present invention is
a fourth step of supporting molybdenum, cobalt and nickel on the carrier to
10 obtain a catalyst precursor, and
a fifth step of performing a presulfiding treatment by bringing the catalyst
precursor into contact with a mixed gas containing hydrogen and hydrogen sulfide under
conditions including a pressure of not less than 2.0 MPa and a maximum temperature of
240 to 380°C.

15 7] The process for producing a hydrotreating catalyst according to [6], wherein the
supporting of molybdenum, cobalt and nickel on the carrier is performed in the presence
of phosphoric acid and a carboxylic acid compound.

[8] The hydrotreating catalyst according to any one of [1] to [3], produced using the
process according to [6] or [7].

20
Advantageous Effects of the Invention
[0006]

The hydrotreating catalyst of the present invention exhibits excellent levels of

both desulfurization activity and denitrification activity.

25 By using the process for producing a hydrotreating catalyst according to the



prepared by supporting nol ybdenum cobalt and nickel on a carrier
contai ning alum num silicon, phosphorus and boron, and then
performng a presulfiding treatnent. [0008] The al um num cont ent
within the carrier, calculated as al um num oxi de (Al 203), 15 is not

| ess than 75% by mass, and is preferabfy 80% by mass or greater. I|f

t hi s oxi de-equival ent alum num content is |ess than 75% by mass, then
the cat al ygéschieietmtibe), dlydprteaehd A8 ghailatdxoglent levels of bbitedsulfirtation
content within the carrier, calculated as silicon oxide (Si02), is

Wi thin a raage Md%ﬁuﬁcah@n AQAYCRY b RS Suce@Mith icSmpirefiwseakd.y from 0.5

to 6.0% by nmass. If this oxide-equivalent silicon content is |ess

than 0.2% by wa%?e Pl ?%aﬁsb A)tcsul éﬁ@%‘%@e%m@am&ﬂ%ﬂoﬁa@comahg/mﬁ@um

tends to aggrega e ur| zation activity and
denltrlflcatl i qru
content w I{TF]SGI ;ﬁttlgl\é,rtbé/ sel%,h%? go tt81t gI?Ci t%g hﬁxro%&ﬁ%osné 116 ?’Vlljds]m Cgl)l(tzl‘, lgﬁl %ﬁ%g%

W thin rang} é_r? Otod5 O%by mass, and is preferablyfromZO
to 4.0% by“*88fg ECWFlVl?‘HP‘ée oxi de- equi val ent phosphorus content is

| ess than 1.0% by mass or greater 7 than 5.0% by mass, then the
desulthrization activity tends to deteriorate. The boron
content within the carrier, calculated as bhoron aoxide (B203), is
within a range fromBES M @F@%%WE&G%THETHP@FE&QM y from3.0
to 7.00/0 by mass. If this oxide-equival ent boron content is |ess
than 1. 0% [¥90Hass, then satisfactory |levels of 5 desul furization and
denitrification activity are not obtained, whereas if the boron

cont ent exceeds The pB¥eiynveaka) isdbenbtdheloairadefadt st rengt h weakens,
maki ng practical application of the catal yst problematic. Each
of thelmbove valAlesirdtoratih@eataystatoouding wid firsicrapecp bdp hesans irevadidnos on
content is reported relative to a value of 100% by nass for the
overal | cagiepRéd byl@pPOaE molgbdeminy,adbatindandeb a wirtidri contatiing aluminum,
hydrotreating catal yst, calculated as nmol ybdenum oxi de (MO03), is
within a rangs, Hde?nolf@s difd béR, B tﬁaﬁﬁarfoﬂhﬁfg@rpa&hmdiﬁgqfeaﬁﬁen& 0 22% by
mass, and nore preferably from15 to 20% by mass. If th

oxi de- eqwl\é)@ gnt nol ybdenum content is | ess than 10% by rrass or
greater th 3% by mass, then the 15 desul furization activity and

deni trification 'ﬁga}u\(ﬁl}l%ntcgﬁgnt%th%ﬁl% L REALACNARE N Mem B B ARO),

catal yst i npract
15  isnot less than 75% by mass, and is preferably 80% by mass or greater. If this

oxide-equivalent aluminum content is less than 75% by mass, then the catalyst tends to
be prone to degradation.

The silicon content within the carrier, calculated as silicon oxide (810,), is
within a range from 0.2 to 10.0% by mass, and is preferably from 0.5 to 6.0% by mass.

20  If this oxide-equivalent silicon content is less than 0.2% by mass or greater than 10.0%

by mass, then the molybdenum tends to aggregate, and the desulfurization activity and
denitrification activity tend to deteriorate.

The phosphorus content within the carrier, calculated as phosphorus oxide
(P,05), is within a range from 1.0 to 5.0% by mass, and is preferably from 2.0 to 4.0% by

25 mass. If this oxide-equivalent phosphorus content is less than 1.0% by mass or greater



The cobalt content within the hydrotreating catal yst, cal cul ated as
cobalt oxide (Co0), is within a range from1.0 to 5.0% by mass, and
preferably from2.0 to 4.0% by nass. If this oxide-equival ent cobalt
content is less than 1.0%by mass, then the 20 desulthrization
activity tends to deteriorate significantly, whereas even if the
cobalt content exceeds 5.0% by mass, no further inprovenent is
apparent in the desulfinization activity. The nieket content within
the hydrotreating catalyst, calcul atedras nickel oxide (MD), is
within a range fromO0.2 to 3.0% by mass If this oxide-equival ent

ni ckel 25 contharit0% by iressghenifipdeniimdzatinn aptuiry tendsitedetaipatedeni tri fi cati on
activity tends to deteriorate 8 significantly, whereas if the nickel
content exceeds 3. @%ﬁ??nﬁ%%ﬂw@%ﬁeowsd’@g‘ﬂﬁt‘fd@ﬁp‘fﬁﬁ‘?x&?%r‘&“’?@n

deteriorates f the bov s_for e rmly denum
Cobal t “and i e Bk A0 PE Sy mES R R 4 1 ST belp T ff'em% by

v of reat | ng SRR AL FGRoREL" 3%&%?@@@’%1* RSB SIERrE gl Pt mon
ol ybenU ULl il S EALIR B S 3 BB or S0

The average s I'ng nunber enu

greater than &c&dsbfbto%}@mi@%n%@ﬂaﬂst gyenﬁlrﬂgdcénsﬁﬁaﬁnﬁﬁﬂmm %fcﬂoﬂ a
range from1l.1 to 1.6. By ensuring 10 that the average stacki ng
nunber is notofmrcaa[yhgfbbfgm&m a high desulfurization activity and a
high denitrification activity can be achi eved sinultaneously. An

aver age stacki ng rEsehefthodbode vAlues fol theAanhisumh) Bilixinophoghdres antibgxomct | ce.
The average stacking nunber for nolybdenum sulfide slab is determ ned
usi ng the nethontdospricbueiitigb ovaluebsbetvelymasafot hensnilsgiian el ectron
m croscope image of the hydrotreating catalyst is captured, and the
nunber of 1 %ta@g@b | ayers within each nol ybdenum sul fide slab is

determ ned. Then, he e stacki.n is calc ed using the
formul a bel ow. ‘)?X'{g g‘é‘@“@’f&@?&? ﬁ;@ﬂﬁt{?@%mﬁ fﬁﬂ’%&‘@r"‘s of
stacked layers_n x ny bde st acked
| ayers) / %lo"f’%ﬁ SR %?Oahﬁﬁ"gﬁ? %ﬁ“gf o Iftog;cfe% ma?séﬁ%}?&%&c’gﬁ 28
(wherein n 'SZZ%y’n%Qgﬁirm&gprlfe&ﬁly%ﬁqggﬂo/-[b(}%g. If this oxide-equivalent

molybdenum content is less than 10% by mass or greater than 23% by mass, then the

15 desulforization activity and denitrification acfivity tend to deteriorate rapidly, making the
catalyst impractical,
The cobalt content within the hydrofreating catalyst, calculated as cobalt oxide
{Co0), is within a range from 1.0 to 5.0% by mass, and preferably from 2.0 to 4.0% by
mass, Ifthis oxide-equivalent cobalt content is less than 1.0% by mass, then the
20  desnlfurization activity tends fo deteriorate significantly, whereas even if the cobalt
content exceeds 5.0% by mass, no further improvement is apparent in the desulforization
activity.
Thé nickel confent within the hydrotreating catalyst, caleulated as nickel oxide
(NiQ), is within a range from 0.2 to 3,0% bymass, If this oxide-equivalent nickel

25 content is Tess than 0.2% by mass, then the denitrification activity tends to deteriorate



Wth the catal yst of the present invention, because a high

desul furization activity can be obtained, the volune of hydrocarbon
oil treated in a hydrocarbon oil hydrotreating 25process can be

i ncreased. Moreover, because the denitrification activity is also

hi gh, 9 when the hydrotreated hydroca%bon oil is subjected to
subsequent catal ytic cracking, degradation of the FCC catal yst can be

prevent ed. s[i%ﬁ&]&ﬂ%weyeas iR Mbigh Borfdnt xRN RS Ahds) enepde be

i mproved. Process for producing hydrotreatlng cat al yst)

A process fatiabr.96Uci Bos: dggg£8£§eatlng catal yst according to the

present invention invol es S ectlng a catal yst precursor, prepared

by supporting aXl?gﬁtﬂ Movk QR %!ast for gnpolwﬁt%%ung rl:ogalf: ﬁ{ rﬂl%{el &N Ng

alum num silic orus an oron treat ment.
10[ 0013] oi he net used ortl t he

2ct i vat ed FECaci e %Elﬁro? foch BY pRSiAtf fhe Oﬁafa‘ékéf%f’@%a? Betiifsor i s
an |npregnat|on nmethod. In this description, "I npregnation nethod

descri bes BOht hod in which the carrier is inpregnated with a
solution of the activated netals, and is then dried and cal ci ned.

151 n an i npr egndr thsrhydistieesing cetalyst thatdes padeagone theamesulfiding GRstesitim
cobalt and nickel, are preferably supported simltaneously. If the
metal s ar emslyb@@mtlwlﬁdmiabuﬂmm@/m layeesront the catdensutfags zat i on activity
or the denitrification activity may be unsatisfactory. For exanpl e,

i f the nol ybdenUheanetagotakingammbei fos thisuplybdenea ssifideakiab megyestérythany

i npregnation, and the nickel is subsequently supported by

i mpr egnat i Do but g mokdrar 0Gedidtis plefeeatly @ithinatrhngetfionnhy tovedk eBy chDfind]
When the supporting is conducted via an inpregnation nethod, the

i npregn@t i @a: thé aRirffettRbhY nahdras AR endretHal @.9p4 Bigh A fofiz4ton aah@uyuaﬁd
acid or a carboxylic acid conmpound, as this inproves the

di sper si bi } o) aefittfRSHPAKPRLAADAehENS shRtiknBsusly? Shulbigse @aRaRrci ng
t he desul furrzation activity and denitrification act|V|ty of the

resul ting number of 1.0 or less is unobtainable in practice.
The average stacking number for molybdenum sulfide slab is determined using
the method described below.

15 Namely, a transmission electron microscope image of the hydrotreating catalyst
is captured, and the number of stacked layers within sach molybdenum sulfide slab is
determined. Then, the average stacking number is calculated using the formula below.

(Average stacking number) = ¥ (number of stacked layers n x number of
molybdenum sulfide slab having n stacked layers) / total number of measured

20  molybdenum sulfide slab

(wherein n i{s an integer of 1 or greater)
[0011]

With the catalyst of the present invention, because a high desulfurization activity
can be obtained, the volume of hydrocarbon oil treated in a hydrocarbon oil hydrotreating

25  process can be increased. Moreover, because the denitrification activity is also high,



10 catalyst. In this case, from3 to 25% by nass of phosphoric acid
and from35 to 75% by mass of the carboxylic acid conpound are
preferably added relative to a value of 100% by mass for the

nol ybdenum oxi de. Exanpl es of the carboxylic acid conmpound i ncl ude
citric acid, malic acid, tartaric acidgand gluconic acid. 5[0015] The
presul fiding treatnent is, nore specifically, a treatnent in which
the catal Wﬁenﬁﬁ@l@)lﬂi'&ﬁbrateﬂfh ﬂl@ﬁﬁb(ﬁﬁbll/\ilstsﬁbjectailbfsulﬁse@tmﬂmltmﬁic(cswkfngas
hydr ogen sul fide or dinet di sul fide) and hydrogen. This treatnent

causes t hejcbauiddd Mofcs E@fﬂ&ﬁ@ar‘?ﬁé’ VRS QlecdBinyROBB YidlBoflcticlied
sl ab, thus generating activity. 10This presulfiding treatnent is

adj ust ed e stacking nunber for the nolybdenum
%g&l?%fcrnﬁ chmgﬁ( a9

sul fide sl OW n e sulfidization treatnent is greater than
1.0 but n re than 1.9. As described above, by ensuring that the
aver age stackKi'ng nunber for the nol ybdenum sul fide slab is not nore
t han 1:§ (2 oth t sulfu%”éatton 9?t vity and the denitnfication
activit P68 Pﬁ@? gy Because the degree of

sul fidization of the be enum i de, and the st nunber fo
the ol ybdenum SUPPFRsE 1o PERSUGAE 9?%555%‘??&‘:“% St R PHF
treatnment condjtions, the treatnment conditions such as the pressure
(hydr ogen ipuetion iuvelies supiessingm ertelashpecaison areaped By pypppiige molybdenum,
appropriately so that the average stacking nunber satisfies the 20
range ment¢obakéanduiokebon a carrier conprdeg dlpminumy sitigen: PheshorEs HIALSI {of ng
treatnent, the pressure is preferably set to not less than 2.0 MPa,
and nore;wmﬁdﬁdmgymmm@ﬂNPa or greaten Provided the pressure is at

| east 2.0 MPa, the nolybdenum can be adequately sulfidized, and the
desul f i z@OIPn activity and denitrification activity can be further
enhanced. In this description, the 25 tenn "pressure" refers to the
gauge pressure. Onkkxample of tHeuidiiv@rused fod BdpbRingiteavedianéd mbtalshoa the
pressure resistance of the presulfiding apparatus, the pressure

during the.prgssblehste ik dafBat freftisdr $s 2 iffpedoaltion H@hodYD N tHid@Rcrigion,
MPa. Furthernore, during the presulfiding treatnent, the tenperature

is prefera an 0. ARG 18T plieviabd y
from 250 t%{ %‘gglé%%{&g\%%he%i gsgn%éesgpmé%g%hu%@&gurl n(f::] the1 prlgg%{afl dllng

treatment |g.ah drofsku2dQnatieTol HIGRT AR adequat el ¥

sul fidi zed, ereas prov nperature 1s not nore than 380C
Che et a0e S DT bl FOLSBARRATI AR 00, SR
process) nickel, are preferably supported simultaneously. If the metals are supported individually,
then the desulfurization activity or the denitrification activity may be unsatisfactory.
For example, if the molybdenum and cobalt are first supported simultancously by
impregnation, and the nickel is subsequently supported by impregnation, then the
20  denitrification activity may weaken.

[0014]

When the supporting is conducted via an impregnation method, the
impregnation is preferably performed in the presence of phosphoric acid or a carboxylic

acid compound, as this improves the dispersibility of the molybdenum on the carrier,

25  further enhancing the desulfurization activity and denitrification activity of the resulting



A process for hydrotreating a hydrocarbon oil according to the
present invention involves bringing the hydrocarbon oil into contact
with the above-nentioned hydrotreating catalyst in the presence of
hydrogen. 15The hydrotreating catalyst is usually packed inside a
fixed bed reactor. [0018] Exanples of .hydrocarbon oils that can be
refined by the hydrotreating process irclude gasoline, kerosene, gas

oi | and vaGNg 9as it tase, Fork DESH% K?ﬁﬁkﬁﬂf@ﬁ@spﬂbﬁc heid Rt &R B 79% by
terms of having a high nitrogen content and therefore enabling

maxi num 2 | i i t | i a
A vacaum qaaR of e o ool e Blord iy RIEA Rliye I £0MLO0K 100%

um gas o1 [ 'S b ar'ned drt g treat me |
et i ntng. I g oy ELAMHERERG, Hhieth bR MRl DT,

boi | i i nt _of. 340. t 50C, T X ticul limtati
Dhe o P opPheGtgid PaBOa s Fed el BB 1T at Fon, | and examal o

i ncl ude 25petrol eum based crude oils, synthetic crude oils derived
fromoil SEREY, coal | i quefaction 12 oils, and bitunen refonnates.

[ 0019] The reaction pressure (hydrogen partial pressure) during the
hydr ot r eat nent  il&e presylaging|tpatigientis Amere spasHicaly, grtieatment iy winchpthgpaialysing
more preferably from4.0 to 10.0 5MPa. Provided the reaction pressure
is at | eastre@uPr Paactadwitide sufur oompamnd (ruchet ivdragen avi@delerdinethy] cat i on
activity can be further enhanced, whereas provided the reaction
pressur e idisuifide) and Bydrégen. 15hid tivPaentoadses (erfommtisn npstadned starctiyes of
suppressed, and excessive increases in the operating costs can be
avoi ded. Thelybésmain salfidecnpethad goheratisg gutieftgr ably wi thin a range from
300 to 420C, and 10 nore preferably from 330 to 410C. Provided the

reactiqn tenper gl Redulfidhlg t@88dnt 3HAfustell RS tACHY laldtadezblciidg nagibéMbi Y
and denitrification activity can be further enhanced, whereas

provi ded t e {BaakhMsdfIPEAHHERink e aifidHREEn BARetdDGcatethal V.6 but
degradation can be inhibited and the tenperature renmai ns | ower than

t he heat - .St ; il i | &l ¥mber
€ hea rlgﬁ;ﬁt)z%@%?Tl9?{2%2%#{12?}?%0(1&%?lregﬁmg% Qidt {h@'atrer_géeyd?z_lcﬁﬁttgnﬁ b

appr oxi mat hou ce velocity Is preferably
within a 'RPE% ufl({l%egurﬁ Slgl?ldé slgb stn%t more than 1.9, both the desulfurization activity

and the denitrification activity can be increased.
15 [0016]

Because the degree of sulfidization of the molybdenum sulfide and the stacking
number for the molybdenum sulfide slab vary depending on the presulfiding treatment
conditions, the treatment conditions such as the pressure (hydrogen partial pressure) and
temperature are adjusted appropriately so that the average stacking number satisiies the

20  range mentioned above.

Specifically, during the presulfiding treatment, the pressure is preferably set to
not less than 2.0 MPa, and mare preferably 3.0 MPa or greater. Provided the pressure is
at least 2.0 MPa, the molybdenum can be adequately sulfidized, and the desulfurization
activity and denitrification activity can be further enhanced. In this description, the

25  term "pressure" refers to the gauge pressure.



and nore preferably from0.5 to 2.0 If'. Provided the liquid hourly
space velocity is at least 0.5 111, the process vol une can be

i ncreased and productivity can be inproved, whereas provided the
liquid hourly space velocity is not nore than 4 0 El, the reaction
tenperature can be |owered and cataly degradati on can be
suppressed. 20The hydrogen/oil ratio is preferably within a range

from 1,000 to SEQRQerS@&Hﬂ{e&E@gﬁmt@f% k&Godre RbsisRBte Make Skdulfi@hg nmore
preferably from1 500 to 5 scfb rovi ded the hydrogen/oil ratio

is at | eaiakpgraﬁg(}hé Quré&?ﬁngﬁﬁe%flésldfﬂdﬁ?gtﬂéaﬂn%ﬂs &)\féﬁeﬁébl%r]ﬁt more than 150

denitrifi i on act V|ty can~be ‘further” enhanced, whereas provided
t he hydroqﬁ950|l ratio is not nore than 8,000 scfb, increases in the
operating costs can be suppressed. 25[0020] 13 In the process

for hydrotreati h dr car l..acc the sen

i nventi on, beca%g’éﬂa H'ie?%ﬂ@iig ﬁy%?‘glﬁrtilgtt i fra%él a li}%ﬁeraﬁlgvi ng
excell e t d sulfurl atlo v and itrificati it is
used, the WilhR araies éﬂ§§¢ Ko S eI s 234 AT g rovieed
hydrocarbon oi |l can be effectively removed. 5] 00‘%; The process for
pr oduci ng 8¢ iyeBireduigghe aiteaﬂ’g‘}%ltlg {rraimentap ptdeashi40°Crige BobBAe R Fc t
of the present invention is a process for obtaining a hydrotreatlng

cat al yst Hie adepiataly suiidines), yheeruprpvieehhe tempaetua st mere thane 0P ¢ dhe
cont ai ning alum num silicon, phosphorus and boron, and then

per f or m ngavarage stgekidg wlinghgr fardlast melybdenTinsulfide skeb sanl 3 qeilytaisicten & fdtr st
to fifth steps descri bed bel ow Nanmely, a first step of

obt ai ni ng moleykhnat®, a second step of using the hydrate to prepare a
carrier-formng material, a third step of using the carner-formng
materi| t@ophgtain a carrier, a fourth step of using the carrier to
obtain a catalyst precursor, and a fifth step of using the catal yst
precur sor dRiledtinly Podtyglr ot reating catal yst. 15Each of these steps

i s describe belom1 [0022] (First step) In the first step, an acidic

al um num sal t AL s &9'119&1'09&%@‘3 h@dl%@‘ﬁb&l &l éﬂ%ﬂﬁ@ to the present invention

involves bringing the hydrocarbon oil into contact with the above-mentioned
hydrotreating catalyst in the presence of hydrogen.

15 The hydrotreating catalyst is usually packed inside a fixed bed reactor.
[0018]

Examples of hydrocarbon oils that can be refined by the hydrotreating process
include gasoline, kerosene, gas oil and vacuum gas oil.  Of these, vacuum gas oil is
preferred in terms of having a high nitrogen content and therefore enabling maximum

20  realization of the effects of the present invention.

A vacuum gas oil is a fraction obtained during treatment of an atmospheric
residue in a vacuum distillation unit during petroleum refining, and contains not less than
70% by mass of a fraction with a boiling point of 340 to 550°C.  There are no particular
limitations on the oil subjected to atmospheric pressure distillation, and examples include

25  petroleum-based crude oils, synthetic crude oils derived from oil sands, coal liquefaction



salt aqueous solution are mxed in the presence of phosphate ions and
silicate ions to 20 obtain a hydrate. Specific exanples of this step
include (1) a nethod in which an acidic alum num salt aqueous
solution is added to a basic alum num salt aqueous sol ution
containing silicate ions and phosphatg,ions, and (2) a nethod in

whi ch a basic al um num salt aqueous solution is added to an acidic

al um num sgijst andiReKS refimitdson cont ai ning silicate 25ions and

phosphate ions. 14 [0023] Exanpl es of salts that can be used
favorably @gigjhe basic al um numsalt include sodium alum nate and
pot assi um al um nat e. Further, exanples of aqueous sol utions

that can be usedytRupiablYsst (hfiRodhiudieh ProBbiTHAND BehjuraRbRRYS s

sol ution include aqueous solutions of alum num sul fate,” al um num
chl ori de L aumnitr EO I I3 i d
. : d i1 Abf 4.005108)
phosphat e%}gﬁgbw&ﬁaﬁﬂggqgﬁ%ﬁg gosll?%d %P&fﬁnndrrlﬁ sgll'e? raqﬁeous sol ution
may be itﬁgr iz@al]%,ka_li or neutral. .10Exa h og_‘ 0 unds _that. ca
e used asBr e peed e leab prefrieat ot R P R -G R PSR sl
t hat generate .siljcate.ions V\%mgl n water, 1such as@s ﬂji&um silicate..
Exanpl es of°&B R Gty £An REIPTher qRaRRfod.avierqes PIoy eg JPTHPRPIeRre 18
sour ces include ﬁ)hosghat e conpounds that generate phosphate ions or
phosphi t e 1 Foréiham{ »0 jiRae hydregracoasimpiiap RANEH SYPIETTRGERY CHEEREs| um
phosphate and sodi um phosphate. 15The silicate ions and phosphate
i ons i ncl uidewasenin the opeeitingcosts oan tpAYPialt aqueous sol uti on may be
either acidic or neutral. Exanples of conpounds that can be used as
aci di ¢ sili cat e Themeaster empeiatict i§gecfonbly athen cwengoinerd $08 ed208erradat e
silicate ions within water, such as silicic acid. Exanples of
conpoutls b@tprefanablydions 83D @st1aYC.di oy Habihb adactidnopmpaeimcas atl6ast BAI°Ude
phosphat e conpounds that generate phosphate ions or phosphite ions
Wt hin the desulfurization activity and denitrification activity can be further enhanced, whereas
provided the reaction temperature is not more than 420°C, catalyst degradation can be
inhibited and the temperature remains lower than the heat-resistant temperature of the
reaction unit (typically approximately 425°C).

15 The liquid hourly space velocity is preferably within a range from 0.5 to 4.0 h',
and more preferably from 0.5 {0 2.0 h'. Provided the liquid hourly space velocity is at
least 0.5 ™", the process volume can be increased and productivity can be improved,
whereas provided the liquid hourly space velocity is not more than 4.0 h™!, the reaction
temperature can be lowered and catalyst degradation can be suppressed.

20 The hydrogen/oil ratio is preferably within a range from 1,000 to 8,000 scfb
(standard cubic feet per barrel), and more preferably from 1,500 to 5,000 scib.

Provided the hydrogen/oil ratio is at least 1,000 scfb, the desulfurization activity and
denitrification activity can be further enhanced, whereas provided the hydrogen/oil ratio

is not more than 8,000 scib, increases in the operating costs can be suppressed.

25 [0020]



wat er, such as phosphoric acid and phosphorous acid. [0025]

M xing the acidic alum num salt aqueous solution and the basic

al um num salt aqueous solution yields a pHthat is typically within a
range from6.5 to 9.5, preferably 25from6.5 to 8.5, and still nore
preferably from6.5 to 7.5. |If the pHjhs | ess than 6.5, then 15 the
m xture is overly acidic, and a slurry-like hydrate i s unobtai nabl e,
whereas if the pitheyaresdohydrotichifiy 4 Ineratadbion bl at@rdigtol the plebaat i ne,
and a slurry-like hydrate is unobtainable. [0026] The

m xi ng of hixiigk,ivdlduséihe AbdVeih&BbheAF B s atilysORaviptextdlRnbasi ¢

5al um num salt aqueous solution typically yields a slurry-Ilike

hydrat e. c%glﬁﬂriz% ﬁ@iﬁpén‘?lec%ﬁitﬁﬁt%tiéﬂ %c?iﬂrit? fs8Red, Shed@fl doRRd: ARy, I n

this exanple, a predetermn anount a basic alum num salt aqueous

ol ut i on cankak Nt Ab Ry B0 BR9SRAALR Q0TI Pl aced in a

tank fitte a stirrer, and held at 40 to
90C. A agbg'ﬁ al um num salt aqueous solution is then added
cont i nuou yi%o t he heated basic alum num salt aqueous sol ution,

t her eby generat | a h Srate recipiitate. During.this period &EF
aci dic aluninunhggPFmﬁ% @dﬁ@hgﬁﬁﬁﬁy@w F?“ﬁ%ﬁ%bﬁgWQ"ﬁp?gﬁ%§&§$ﬁ t hat
is preferably within 5C, nore preferably within 2C and still nore
pr ef er abl yaspest obthe prrgent gyysurosip p Brogess fpfeobing 2 BYdiniresting calplyst by
15aqueous sol ution. Further, the acidic alum num salt aqueous,
sol uti on | wpbeidegimplybdenvaneehslt antaickelonapprries PRRinipg ABEAERSTEORI nal
pH for the m xed solution of 6.5 to 9.5. In terns of preventing the
gener at i orphotphonsesd balohcand thetpatformuhg poregelfding dleptineat. adde bepgessi t e,
the addition tine period for the acidic alum numsalt aqueous
sol utin iiaclpdeftier faist ty fifhtstdpodeperibddimivvd5 m nut es. 20Subsequently, if
necessary, the m xed solution nay be aged and then washed to renove
by- products, yi elstenga @irddyidp af cbtahing b ¥ydfafe028dcond step of using the hydrate to

prepare a carrier-forming material, a third step of using the carrier-forming material to

obtain a carrier, a fourth step of using the carrier to obtain a catalyst precursor, and a fifth

step of using the catalyst precursor to obtain a hydrotreating catalyst.

15 Each of these steps is described below.
[0022]
(First step)
In the first step, an acidic aluminum salt aqueous solution and a basic aluminum
salt aqueous solution are mixed in the presence of phosphate ions and silicate ions to
20  obtain a hydrate.
Specific examples of this step include (1) a method in which an acidic aluminum
salt aqueous solution is added to a basic aluminum salt aqueous solution containing
silicate ions and phosphate ions, and (2) a method in which a basic aluminum salt

aqueous solution is added to an acidic aluminum salt aqueous solution containing silicate

25  ions and phosphate ions.



(Second st ep) In the second step, boron is added to the
hydrate obtained in the first step to 25prepare a carrier-formng
material. 16 Exanpl es of conpounds that can be used as the
boron source in this step include boric acid and ammoni um bor at e.
Prior to addition of the boron, the slurry-like hydrate obtained in
the first step is preferably kneaded under heating to concentrate
the slurryobzsla predeterm ned water 5Scontent. [0029] One exanpl e of
the second step is described bel ow. In this exanple, the

hydrate slurry GihRpREf dalls thatcahibe SkcdshRitatl ad@abask dndinagedit imhdei s
t hen subjected to kheading or the |Iike under heating to concentrate

the slurryshfinaidiffeer@hehSneluk@ll, content. Subsequently, boric
acid is adé@d to the conCentrated hydrate slurry, and the resulting

m xture is once P%gcﬁérne){ﬁgxﬁﬁg %F%dﬁ@%fsofﬁﬂaﬁé Hshcah Q@ﬁﬁ@ﬁ%%ﬁﬁﬁttﬁ@édiicgg

the m xture to a prede m ned" wat er content and obtai ning a nol dabl e

carrier-formng material 0, (,Thi . he third
step, Che SHPPREr Bl B hARE AR R of rominm efel? | O

nol ded and calciqﬁ %o q?tain a cgrrier contai ning alum num silicon,
phosphor us?WREMFF Ry de and aluminum Mgy o o) '6s of the met hod used for
nolding the carrier-formng material include 20 extrusion nol di ng

nmet hods anﬂmgﬂnpression nol di ng met hods. The cal ci ni ng
tenperature followng nmolding is preferably within a range from 400
to 800C. Provi d@aetsﬂ@ateem@iaw? plpspiatpiepaingude] 1g thy basisalyminpp ealt 5
reliable calcination can be achi eved, and provided the tenperature is
not nore t4mROBGCOELIoN ey besither pliglingar nprali s suitable for use in a
hydrotreati ng catal yst. 25The calcination tine is preferably within a
range f0 om 0.5 tExafPlehoficsnpouids that can be used as alkaline silicate ion sources include

silicate compounds that generate silicate ions within water, such as sodium silicate.
Examples of compounds that can be used as alkaline phosphate ion sources
include phosphate compounds that generate phosphate ions or phosphite ions within
water, such as ammonium phosphate, potassium phosphate and sodium phosphate.
15 The silicate ions and phosphate ions included in the acidic aluminum salt
aqueous solution may be either acidic or neutral.
Examples of compounds that can be used as acidic silicate ion sources include
silicate compounds that generate silicate ions within water, such as silicic acid.
Examples of compounds that can be used as acidic phosphate ion sources
20  include phosphate compounds that generate phosphate ions or phosphite ions within
water, such as phosphoric acid and phosphorous acid.
[0025]
Mixing the acidic aluminum salt aqueous solution and the basic aluminum salt
aqueous solution yields a pH that is typically within a range from 6.5 to 9.5, preferably

25  from 6.5 to 8.5, and still more preferably from 6.5 to 7.5.  If the pH is less than §.5, then



Provided the calcination tinme is at least 0.5 hours, satisfactory

cal cination can be achieved, and provided the tine is not |onger than
10 hours, productivity can be inproved. Prior to the calcination, the
nolded itemis preferably dried at a tenperature of 5 70 to 150C.
Provided this drying tenperature for t{ge nolded itemis at |east 70C,
rapid drying can be achieved, and provided the tenperature i s not

nor e t han (i&Mtxtureiovedls dtitlichghdesshirtyekikd i8/dfite s ahbtraihable, wherdanifahe pH
hydrotreating catal yst. [0031] (Fourth step) 10In the fourth step,

nol ybdenungyc&abalst maR theMhiGHed is 3V 1ySAENPAE, 188 a @R hike HRdkieqs uiibtaiaBRd

inthe third step to obtain a catal yst precursor. [0032] An
exanpl e 0%05 nmet hod used for supporting the activated netals on the
carrier ist i npregnation nmethod. In this description, an

i mpregnati on mﬁﬂeﬁliﬁﬁ%me &é{;fa taﬁmﬂﬁﬁlggﬁt @y&;ﬁgg@r@h&gggé Bdsfy 1S

i npregnated with a 'so Ion o e activa I's then
dried d cal cined I.h the inpregnation.netho the three
et al s > nagr g Rry Bt Rp Ao ety Y er abl y
supporteddiinﬂltaneously. If the nmetals are supported individually,
t hen the Qdlf uri zati on activity or the denitrification activity may
be unsatisfactory. 20 For exanple, .if the_ nol ybdenum and cobalt are
first supportedQoesxnplpeblisfiyst P isHspabsdPsioH, and the nickel is
subsequent |y SU%EO(ted béainpregnation, then the denitrification
activity may wedkiis expooBay piadetarmings anpypbefi bagiciabmypyg sdlt ¥yesa an
i npregnation nethod, the 25 inpregnation is preferably perfornmed in
t he pr esenobitioh cpiteispigciliceteaisdnd phespoate pox 18l flaced 8a tank fitted with a stimrer,
10 and is then heated and held at 40 to 90°C.  An acidic aluminum salt aqueous solution is
then added continuously to the heated basic aluminum salt aqueous solution, thereby
generating a hydrate precipitate. During this peﬁod, the acidic aluminum salt aqueous
solution is heated to a temperature that is preferably within £5°C, more preferably within
+2°C, and still more preferably £1°C, of the temperature of the basic aluminum salt
15  aqueous solution. Further, the acidic aluminum salt aqueous solution is added in an
amount that is sufficient to achieve a final pH for the mixed solution 0£6.5t0 9.5. In
terms of preventing the generation of undesirable crystals of pseudo-boehmite and
bayerite, the addition time period for the acidic aluminum salt aqueous solution is
preferably not Ionger than 15 minutes.
20 Subsequently, if necessary, the mixed solution may be aged and then washed to
remove by-products, yielding a hydrate slharry.
[0028]
(Second step)

In the second step, boron is added to the hydrate obtained in the first step to

25  prepare a carrier-forming material.



acid conmpound, as this inproves the dispersibility of the nol ybdenum
on the carrier, further enhancing the desulfurization activity and
denitrification activity of the resulting catalyst. In this case,
from3 to 25% by nass of phosphoric acid (P203-equivalent) and from
35 to 75% by mass of the carboxylic acli6d conpound are preferably
added relative 5 to a value of 100% by 'mass for the nol ybdenum oxi de
(M03) . Exanpl egxafiplebf ®aipaaxdsltha cachdhse®aPme Béloh B&lrewia tigk tep tichde d,
malic acid, tartaric acid and gluconic acid. [0034] (Fifth step) In

the fifth ieReidAn®rsidhifbdiget reatment is performed by bringing the
catal yst 10 precursor obtained in the fourth step into contact with a

m xed gas cont agaﬁ'tbﬂg a?ﬁﬁ]ilbﬁg?ﬁ]xe%ngn,ht}igglggg-'ﬁ]sc?g%&ﬁ@%bmfﬁ@?%??t%gtie ig

treat ment cause ormati1on of stac ctures o enum

sul fide slab rati.ng. VLV, ' _ .

presul fi diq{afefa&){éég 1%%%? ?m?%{él e%%n%g[s Gre 1¥tﬁa§%@g§1§#y%§ i”ltég?tg%a]éesdswu%tee IS
0 MPa, and nore preferably 3.0

15 preferabl {set to not | ess than 2.
MPa or Sgrecé’fléfl.‘ Provided the pressure is at |east 2.0 MPa, the

nol ybdenum can be adequately sul fidized, and the desul furization
activity denitrification activi ty can be further enhanced. In
this description, the term"pressure" refers to the gauge pressure.
Further, from t Keegxenpsiohthesecond siepisgssqiibed bdewst ance of t he

presul fiding 20apparatus, the pressure during the presulfidin
Preatment i préh Srsoeynirothehyisteshary g he frntnes otd sndagidng
the presulfiding treatnment, the tenperature is preferably within a
range fronand49thbos3s@Ed takdeadger fredike naddrjredting o 25Gerttmta35Ourry to a
Provi ded the tenperature dining the presulfiding treatnent is at
| east B¥0Greddi@mied yate tontestan Stisefenty dgnated it «dddd to diczetcennhted eas
provided the tenperature is not nore than 380C, the 19

desul f uri ziaigtAOs1aGY, i the radttingeriixtuid fsiofed dgam kasdded uhder GedlingSthebe
reliably enhanced. [0036] In the resulting hydrotreating

catal yst, Edﬂ@erﬁlaﬂﬁ%ﬂgg gﬂiﬁgmt@atpréeﬂeﬁe&}qﬁea H@te{s&ﬁﬁéneﬁm Sdigidk ahRid8R

al um num oxi de (Al is preferably not | ess than 75% by mass, and

nore 5 pre&%’ié}%ﬁ{niﬁg%@’iaﬁass or greater. If this oxide-equival ent
al umi num content 1's 1ess than 75% by mass, then the catalyst tends to

be prone t@ogﬁgr adat i on.

15  (Third step)

In the third step, the carrier-forming material obtained in the second step is
molded and calcined to obtain a carrier containing aluminum, silicon, phosphorus and
baron.

Examples of the method used for molding the carrier-forming material include

20  extrusion molding methods and compression molding methods.

The calcining temperature following molding is preferably within a range from
400 to 800°C. Provided the calcining temperature is at least 400°C, a reliable
calcination can be achieved, and provided the temperature is not more than 800°C, the
resulting carrier is suitable for use in a hydrotreating catalyst.

25 The calcination time is preferably within a range from 0.5 to 10 houss.



Further, the silicon content within the carrier, calculated as
silicon oxide (Si02), is preferably within a range fromO0.2 to 10.0%
by mass, and nore preferably from0.5 to 6.0% by nass. If this

oxi de-equi val ent silicon content is |ess than 0.2% by nass or 10
greater than 10.0% by mass, then the gglybdenunrtends t o aggregate,
and the desul furization activity and denitrification activity tend to
det eri or atmovided the calfibgtioR@ItEE 81 1edsh .5 MBS HAasHGogRalcRAtionddhitien t he
carrier, calcul ated as phosphorus oxide P2C5),( is preferably within

a range f ra@H?e@edOaﬂd)prgwge@ Ry tiﬂﬁ$§motmem5rﬁl(pﬁ&1fr§ pRILAIVERRA B O to

4.0%by mass. If this oxide-equival ent phosphorus content is |ess
than 151. Qﬁ%gxegass or greater than 5.0% by mass, then the
desul furi za |on'activity tends to deteriorate. Mor eover, the

boron eont ent ekl & A BAREOhhenbRke HhA| S ARERA LY HpiR0S)

IS preferabl a ran rom

prefer bly, fr 0.t I f t oxi ui v ron
Bont ent 70|f83§5"%'h iy IS oatnd e e R e e 10 B
denrtrrfrcatron activity may weaken ereas if the borao

exceeds 10%%Ipynaepade gy e %%rléqdy@? (RS 5 TLRETLE H%i}%@él}e
maki ng practical application of the cataly robl ematic. Each of the
above val lré%ﬂtrltgrcaﬂwélsaﬁumhlﬁfﬂmm%mraﬂwéwheﬁmsg@%brﬁhs and boron

content is reported relative to a value of 100% by mass for the final
overal | cdPPilgr. 25The content val ues for the alum num silicon,
phosphorus and boron can be 20 adjusted by altering the anpunts of
phosphat e (Fomth derd silicate ions, and the anounts of the acidic

al um num salt aqueous sol ution and the basic alum num salt aqueous
sol utiign added imnthefeurfh stept mslydpenuan) doliayt 2l hiekélnge dupporssdmunte @fridyor on
added in the second step. [0037] 5Further, the nolybdenum content

wi t hi n t heobigldah HRakird ger tadtansh catfigdtrdcatsedl as nol ybdenum oxi de
MO is preferably within a range from 10 to 23% by nmass, nore
preferabl yiphsgm 12 to 22% by mass, and still nore preferably from 15
to 20% by mass. If this oxide- equrvalent nol ybdenum content is |ess

than 10% by mass,,qf,0) gﬁ%rfﬁfe rhdIRY 3Y R Yu aéﬁﬁﬁrg thd ' @R vitBmetals on the
desul furization activity and denittificationactivity tend to

10deteri Orc%l‘r?er 'isatﬂé Hﬁﬁ'regdm& ﬁ‘rgthtog.e 1?1%1@ |d¥s§:¥1pﬁ(m? Eﬁ"ﬁﬁﬂr&&'atmn method refers

15  to a method in which the carrier is impregnated with a solution of the activated metals,
and is then dried and calcined.

In the impregnation method, the three metals, namely molybdenum, cobalt and
nickel, are preferably supported simultanecusly. If the metals are supported individually,
then the desutfurization activity or the denitrification activity may be unsatisfactory.

20 For example, if the molybdenum and cobalt are first supported simultaneously by
impregnation, and the nickel is subsequently supported by impregnation, then the
denitrification activity may weaken.

[0033]
When the supporting is conducted via an impregnation method, the

25  impregnation is preferably performed in the presence of phosphoric acid or a carboxylic



The cobalt content within the hydrotreating catal yst, cal cul ated as

cobalt oxide (Coo), is preferably within a range from1.0 to 5.0% by
mass, and nore preferably from2.0 to 4.0% by mass. |If this

oxi de-equi val ent cobalt content is less than 1.0% by mass, then the

desul furization activity tends to detefiorate significantly, whereas
even if the 15 cobalt content exceeds 5.0% by mass, no further

i provenmendcid SondPnad, @8 thid iprdies GRAHpEibilAabf B8 nddybidéduny on the carrier, The

ni ckel content within the hydrotreating catal yst, cal cul ated as

ni ckel oxi ganéNiRincingShPdShhHRtion Wil Y MhdldchAMERtibA ﬁk!‘ﬂvﬁﬁ 3t the rduldile by
mass. |f this oxide-equivalent nickel content is |ess than 0.2% by

IR ont 1] Conphi (B 3% 82l bURIOf: 90 OSOBEARIALD e
o Tee T or EaaS W 1ERL AhefSHche Lo YR &l BRI Ra ale3feilby LOBAAAKF:

val ues for é num ~co nd ni c is’reporte
relative to a vyal f,100% mass ,for the overall dratr i ng
catalyst. ©2@ Valile O%I?Oé%’/f ke 112?8%1@%“’[‘3 Wjﬁj@gm‘? gFidp K@Oﬁi}l y%zé?ﬁﬁﬁ oef((E:ElIEBQDaI t
and ni ckel can he adjusted. b 5 altering,the anpunts, of | ybdenym
cobal t and#Rexds a%fﬂ’ﬁ%ﬂﬂée Hféhl%f (rig %ﬁ#’f’%hgta‘ésa tartayic geilpag e ucknic acid,

Further, in the resulting hydrotreating catal yst, nolybdenum sul fide
slab is folOR#H in layers on the carrier surface. The average stacking
nunber for this nolybdenum sulfide slab is greater than 51.0 but not
nmore than EFifthstemd is preferably within a range from1.1 to 1.6. By
ensuring that the average stacking nunber is not nore than 1.9, a

hi gh desul f uri zdt iterfiffctdpy a pyesdAding tikatgientde pérforinkd bpbitagingibe catalyst can
be achi eved sinul taneously. An average stacking nunber of 1.0 or |ess
i S unoll ai prabirériobtafied it ihe Eourth step into contact With savieedges cohamkigiydrugatber
for nol ybdenum sul fide slab is determ ned using 10 the nethod
described Lfili@dtogen sulfide. Na@BlegulfidinghRNGFhEEUS 18 foshdtion ofbiadkes cope

i mge of the hydrotreating catalyst is captured, and the nunber of
stacked | aygictired driiolyiResIn SREIDIR)) vk StlkAthe a8thaly, | s det erm ned.
Then, the average stacking nunber is calculated using the formula

bel ow. (AM@%@%@ stacki ng nunmber) = E (nunber of stacked |ayers n x
nunber of 15 | ybdenum sul fi de slab having n stacked | ayers) / total

number of measurgg, Aoy QIERET SHLAhAR B BRsOMEY S Ber el BRsbu) §IET

of 1 or greater)

15  preferably set to not less than 2.0 MPa, and more preferably 3.0 MPa or greater.
Provided the pressure is at least 2.0 MPa, the molybdenum can be adequately sulfidized,
and the desulfurization activity and denitrification activity can be further enhanced. In
this description, the term "pressure" refers to the gauge pressure.

Further, from the viewpoint of the pressure resistance of the presulfiding

20  apparatus, the pressure during the presulfiding treatment is preferably not more than 150
MPa.

Furthermore, during the presulfiding treatment, the temperature is preferably
within a range from 240 to 380°C, and more preferably from 250 to 350°C. Provided
the temperature during the presulfiding treatment is at least 240°C, the molybdenum can

25  be adequately sulfidized, whereas provided the temperature is not more than 380°C, the



[ 0039] The degree of sulfidization of the nol ybdenum sul fide and the
stacki ng nunber 20 of the nol ybdenum sulfide slab vary dependi ng on
the conditions used during the presulfiding treatnent, and therefore
t he average stacki ng nunber can be altered by appropriate sel ection
of conditions such as the pressure (hydrogen partial pressure) and
the tenperature. [0040] 25The process for producing a hydrotreating
cat al yst odestliiizRti@sRMViy MeaRhitficatid?adliorg cibigdnabodRLBEARAREd. 2
hydrotreati ng catal yst with excellent desul furization activity to be
produced wghkgiconparati ve ease. Accordingly, by using the obtained
hydrotreating catal yst for hydrotreating a hydrocarbon oil, the
vol ume of hydro i| I o ause
t he denitrificagﬁgﬁq§§§|§& %%g%ﬁgﬁgaﬁggﬁg%?gg?ﬁﬁggggggF§@¥ﬁ%eggﬁgfned
fromthe apoyv ..an i I i £ rQt.r ed
&?cu?ﬁté%lr a%%HJY L3R 09{99@%3@%% g%&%ﬁpp 8%{1%5;{,‘{?5‘%“75 /!?l%e IExIX%gf?ld Gk

|
hydr ocarbon oI 171'S "subj ecte Iccr

degradati on_of catal yst c be prevented, .Accordingly. .the
violaa sy DEbrmeS fallenar i oG e e ARGt s

i mproved. [0041] .10(Prqgcess for using hydrotreating catalyst) The
hydrotreaﬂ%ﬁb7%%P¥P§§%t@ﬁ%ﬁﬁ?4ﬁ5§t§B$V€bFQKW§§H&ﬁE¥gH?Hrotreating a
hydr ocarbon oil by bringing the hydrocarbon oil into contact with the
catal yst in the Fyrtbayethe silispn ¢pptpnbyyhin therariydalsulatedas sigcemexdds/SiOs
usual Iy packed inside a fixed bed reactor. 15[0042] Exanpl es of

hydr ocar bois puifergbly Mathincamangeiien Oi2e d 06 heassyand sagre pxeifnghly fromdssto

i ncl ude gasoline, kerosene, gas oil and vacuumgas oil. O these,
vacuum gasét.0Vidbyirsaspr elff €ris exidé-equiatams sibéonhrautentys deshihgin 01304 yogess or
content and therefore enabling maxi rumrealization of the effects of
t he prHsengreatamant 100004 b2 Ofssy, alganuin @alybddnhmi tendd t6 age¢darnaehhai ned

dm ng treatnent of an atnospheric residue in a vacuumdistillation

uni t duri ngespiirzatieiusrvey i dginifddios eatvaty Bendnetetb@gstet han 70% by
mass of a fraction with a boiling point of 340 to 550C. There are no

particular |im tRtth@ied M fh8sphotus SHRERGHBFh §e cAtiBD sNARLtbE adi RSB
distillation, and exanpl es i ncl ude petrol eum based crude oils,

synthetic griude,8l) & prRErhiis dithfroiRaRd fr iR Do 598by hbQUSTARLE QReferably

from 2.0 to 4.0% by mass. If this oxide-equivalent phosphorus content is less than

15 1.0% by mass or greater than 5.0% by mass, then the desulfurization activity tends to
deteriorate.

Moreover, the boron content within the carrier, calculated as boron oxide (B203),

is preferably within a range from 1.0 to 10.0% by mass, and preferably from 3.0 to 7.0%
by mass. If this oxide-equivalent boron content is less than 1.0% by mass, then the

20  desulfurization and denitrification activity may weaken, whereas if the boron content
exceeds 10.0% by mass, then the catalyst tends to become brittle, making practical
application of the catalyst problematic.

Each of the above values for the aluminum, silicon, phosphorus and boron

content is reported relative to a value of 100% by mass for the final overall carrier.

25 The content values for the aluminum, silicon, phosphorus and boron can be



250il's, and bitunen refonnates. 23 [0043] The reaction pressure
(hydrogen partial pressure) during the hydrotreatnent is preferably
within a range from3.0 to 15.0 MPa, and nore preferably from4.0 to
10.0 MPa. Provided the reaction pressure is at least 3.0 MPa, the
desul furization activity and 5denitification activity can be further
enhanced, whereas provided the reaction pressure is not nore than
15.0 MPa, hydrogen consunption can be suppressed, and excessive
increases in the operating costs can bggavoi ded. The reaction
tenperature is preferably within a range from 300 to 420C, and nore
preferably frédivsrddyaliering theampntsef phosphath ipns and sili¢atarionseanp Sreamommts of s at

| east 300C, 10the desul furization activity and denitrification
activity can B®2¢idif R sHEzaeeEs solbtien wd dieprsinautierm 11 agueeps sqleien
tenperature is I oore than 420C, catal yst, degradati on can be

i nhi bi t ed anda‘@ﬁ@*ﬂé’&%ﬁﬁ%&?@?ﬁ@%ﬁﬂ? SEYGE PE YRR AR RISEOP 89 st ant

t enperat ure ohxéﬂe reaction unit (typically approximately 425C). The
| i quid hourly-spdce velocity is preferably within a range fromO0.5 to
4.0 hi, 15a@nd nore ] . Provided Liquid
hour |y spage vel ocFltH'g] l|f’ g{eglt%i%efé@gg@?egﬁr;m%@%%ééog?aggég%a&gg atljcgrfg%g%sn be

| nor eased andoghilfl 3oB bl RSB IS5 B35y A 59 the

liquid hourly space velocity 1's not” nore t e reaction
tenperature CapfehBlyeMaInesBrbY Sal, abdith mdRGFAE Al R BAD 208 by mass.
suppressed. The hydrogen/oil ratio is preferably within a range from
1, 000 to 8, 00K tidcdxiezfizdlantalytenubiontedtaeitss phat 10385y @ish or dath: MR €
preferably from 1,500 to 5,000 scfb. Provided the hydrogen/oil ratio
is at | east 12306ymat thentivalesttivnishtonaitivity argnlesitificaript sotiviydend to
denitrification activity can be further enhanced, whereas provided

t he hydr od@n/ #igioriesrdly akige hepatadyst Imprc®alo00 scfb, increases in the
operating costs c 0044] .25l n the process for

b d. . .
hydrotreating a h?ﬁ‘?ﬁ&g’éai”g%ﬁgfteﬁﬁa@@@qr% ngisuest: °H§‘§%{iﬁ§é cqbglt oxide

(Co0), is preferably within a range from 1.0 to 5.0% by mass, and more preferably from

2.0 t0 4.0% by mass. If this oxide-equivalent cobalt content is less than 1.0% by mass,
then the desulfurization activity tends to deteriorate significantly, whereas even if the
15  cobalt content exceeds 5.0% by mass, no further improvement is apparent in the
desulfurization activity.
The nickel content within the hydrotreating catalyst, caleulated as nickel oxide
(NiO), 1s preferably within a range fiom 0.2 to 3.0% by mass. If this oxide-equivalent
nickel content is less than 0.2% by mass, then the denitrification activity tends to
20  deferiorate significanily, whereas if the nickel content exceeds 3.0% by mnass, then the
desulfurization activity deterforates.
Each of the above values for the molybdenum, cobalt and nickel content is
reported relative to a value of 100% by mass for the overall hydrotreating catalyst.
The content values for the molybdenum, cobalt and nickel can be adjusted by

25  altering the amounts of molybdenuin, cobalt and nicke] supported in the fourth step.



24 above-nentioned hydrotreating catal yst having excell ent

desul furization activity and denitrification activity is used, the
sul fur content and the nitrogen content within the hydrocarbon oi

can be effectively renoved. 5EXAMPLES [ 0045] The present
invention is described in nore detail _hel ow based on a series of
exanpl es and conparative exanpl es, buttlt he present invention is in no
way Iinitgﬁaﬁﬂ t he exanpl es presented bel ow. 10[ 0046] Hydrotreating
cat al yst the first aspect of the present invention [Preparation of

catal yst precursors]. . tal yst .Rr [.s0r i W th
a steam jacket ?\/‘érstﬁ%’ﬁg%er Su\}/{\t/l%{grlnﬁ/g.%%at n% cg%)yg@%b%?o&%ﬁu&x@%lﬁ%&rﬁ slrll%ﬁ gei
aqueous s%lution having an Alzq%ggquivalent concentration of 22% by
mass, and PR IAEELNIRT WHSUMRE t hen diluted with 29 kg of

i on- exchanged wat er. Subsequently, 3.6 kg . aof a trisqdium phosphate
sol ution with asze\szr@&awlapsﬁPlﬂ%ﬁ'ﬁe@ﬁ{sﬁ%r figh Suidog! lsr%e???gﬁﬂ 1.8
kg of a sodiumsilicate solution with a Si 02-equival ent concentration
of 5.0% byl.Orbetgoivaee thended and it pveferahinevitiia a rangs fiemalnt toolo&t i By $n3§ingand
the resulting m xed solution was heated to 60C to obtain a carrier

pr epar at i dhatgiod averaga stacking numbeEigriohsore thans bpeg higledolirizaton adtindy antas
charged with 13.43 kg of an al um num sul fate aqueous sol uti on havi ng
an Al 203- echiglv ddriteifficatimnaetitityatain bn adfievédsinulesssly.antn evmagrgtacldos
solution was then diluted with 24 kg of ion-exchanged water.
Subsequentilunbe25f US bnigssds tidbtatfiabiaifpractibee di | ut ed al um num sul fate

sol ution was added to the 25
The average stacking number for motybdenum sulfide slab is determined using
10 the method deseribed below.

Namely, a transmission electron microscope image of the hydrotreating catalyst
is captured, and the number of stacked layers within each molybdenum sulfide slab is
determined. Then, the average stacking number is calculated using the formula below.

(Average stacking number) = ), (number of stacked layers n x number of

15  molybdenum sulfide slab having n stacked layers) / total number of measured
molybdenum sulfide slab

(wherein n is an integer of 1 or greater)

[0039]
The degree of sulfidization of the molybdenum sulfide and the stacking number
20  of the molybdenum sulfide slab vary depending on the conditions used during the
presulfiding treatment, and therefore the average stacking number can be altered by
appropriate selection of conditions such as the pressure (hydrogen partial pressure) and
the temperature.
[0040]

25 The process for producing a hydrotreating catalyst of the present invention



above-nentioned carrier preparation solution at a constant rate until
a pH of 7.2 was reached, thus preparing a hydrate slurry. The thus
obt ai ned slurry was aged for one hour at 60C under constant stirring,
was subsequently dewatered using a flat filter, and was then washed
with 150 L of a 5 0.3% by nass aqueous_sol ution of amoni a. The
washed cake-like slurry was diluted wth ion-exchanged water to

achi eve a ti] 109 : :
R e e B G G S R S
pH adj ust ed

ref Iux co st oo S"E??{y&-ed Sl tt%f Stk i
Y PRSI w i .
e s A PR R R R P S

j acket was then used to knead the slurry while t gﬁier content was
concent r atiBgfeasgdhn Meregvesy kegatse fisidsaiiriicsien "E‘CUSEISEQ‘EE rpigeating galy v
boric acid was added, and the resulting m xture was once aqain
kneaded wibtainedHeommiie@bovecmednstiomprecess edsethigh, sderbamydigtrgated
predeterm ned | evel. The obtai ned kneaded product 15 was nol ded into
circul ar dyidiaretbor ail ispebjeeted tohmbsaquerd catrlatie traeking, degradatiom ahdle&FCCengt h
of 2 to 3 mmusing an extrusion nolding apparatus, and the nol ded

pel | et s wamnealwt caadeateviiedC. StobsiBoglenhd yicldiolieracked edsohint teoh the cadalytic
was calcined for 3 hours at a tenperature of 550C in an electric
furnace, tdatkingicehdtigpravediarrier. The Si 02 concentration within the
carrier was 2.8% by nmass, the P205 concentration was 2.8% by 20 nass,
and the B2@gsgoncentration was 5. 0% by mass. Next, 235 g of

nol ybdenum trioxi de, 24 g of basic nickel carbonate and 75 g of basic

cobal tlcﬁar@%éés%oﬂ‘@sflfglﬁﬂﬁiﬁ%ﬁtﬂ%%a{a@sﬁoo m of ion-exchanged water, and

the resul ting suspensi on was heat €d ‘'under reflux for 5 hours at 95C

Subsequant Iy, 145 By APReRRE AL giNE e WA e 2 10 g
dded t d di | v.ed..i he, heat ed ' .
26, | mor oorBETSHORY LA o TakaL t el P RERL Eio SUPREIRY PRt pRLRRELR 00

¢ esul {1 ng WRSROTIDEReEhy rFe Lo aneca oA TR SRAPLTRD P OF B

hour at 550C in an electric furnace, yielding a catal yst precursor 1.
The acti va€&dietal conmponents within the catalyst precursor 1 were 5
18. 0% by nass of Md03, 3.5% by nass of CoO and 1.0% by nass of N O
[0047]15  [0042]

Examples of hydrocarbon oils that can be refined by the hydrofreating process
include gasoline, kerosene, gas oil and vacuum gas oil.  Of these, vacuum gas oil 1s
preferred in terms of having a high nitrogen content and therefore enabling maximum
realization of the effects of the present invention.

20 A vacuum gas oil is a fraction obtained during treatment of an atmospheric
residue in a vacuwmn distillation unit during petroleum refining, and contains not less than
70% by mass of a fraction with a boiling point of 340 to 550°C.  There are no particular
limitations on the oil subjected to atmospheric pressure distillation, and examples include
petroleum-based crude oils, synthetic crude oils derived from oil sands, coal liquefaction

25  oils, and bitumen reformates.



(Catal yst precursor 2) Wth the exception of using 147 g of malic
acid instead of the citric acid during preparation of the

i npregnation liquid, a catalyst precursor 2 was obtai ned using the
10sane preparation nmethod as that described above for the catal yst
precursor 1. The activated netal conmponents within the catalyst
precursor 2 were 18.0% by mass of MO033 3.5% by mass of Co0 and 1.0%
by mass of QIJBQ) [0048] (Catal yst precursor 3) 15235 g of nol ybdenum
trioxide, [f of basic nickel carbonate and 86 g of basic cobalt

carbonate were spended i n 500 of i.on-exch ed ter, and the
resul ting sus peﬁgf’ E‘??cwrﬁgé%gwc@?ﬁ%Pa?@??rﬁ%u?ga'%@%ﬁ%?@rﬁeag%? 18
ensuring that there was no reduction in the |iqui tdﬁv | umre.
Subsequentirgieraplyavighipf range fipm L fogl SAhMPe.1ang ngrre pig, ?h%bg'?@ “tied Mer e

added to, and dissolved in, the heated susgensi on to prepare an 20

i mpr egnat i MRa| | jjavided thageaptionspresspicdyrideasohl MEguihg dartiurizaian agfivaly aad
onto and i npregnated into 1,000 g of the sanme carrier as that used in
t he catfal ydnitpfieation saivity caiCod fithertenbanced svhetsenprowided thewehciion priagsursdsre
manner as that described for the preparation of the catalyst

precur sor ot morethah 0 dMRzahwirygeh cpiisaaptiso canthe sthweaed, andéedssivet al
conponents within the catal yst precursor 3 were 18. 0% by nmass of

Mb03, 4. 0%nbaseeEshe®bpecathgands nFaoyideh mass of NiO 27 [0049]
(Cat al yst precursor 4 A 100 L tank fitted with a steam jacket

was charged W t Irh8 schStiditieR) e@mmgbwﬁram?hmm BRSNS 36@lowbar) ahavi ng
an Al 203-equi val ent concentration of 22% by mass, 5 and the aqueous

sol uti on wastRgt- i Iteeh Mo 408 Ko Rlied ROrRXFINARAE ARkt least 300°C
Subsequent yr,e 4. 8@3% atriso ium%ho{?spha{e sol ut?ég% Wth a. |

P205- eyl Vt%la ﬁ%%ﬁ%ﬁ?ﬁ Ec%ﬁvg& 813@ Snitfifioa ?09$0W£99ﬁh§r éﬁﬂ?:ggd%g}oﬁag%% um

silicate soO equi val ent corcentration o

mass wer e added; bo Lhe, Lank, ynder COnSLant, Shic LG AIIANG can be

resultingl??:l0 i oh S arrn acarrier
10pr epar at {ng%itg

P zlin"(jitthg trtlainp erature remains lower than the heat-resistant temperature of the
reaction unit (typically approximately 425°C).
The liquid hourly space velocity is preferably within a range from 0.5 to 4.0 h',
15  and more preferably from 0.5 to 2.0 h.  Provided the liquid hourly space velocity is at
least 0.5 b, the process volume can be increased and productivity can be improved,
whereas provided the liquid hourly space velocity is not more than 4.0 h™, the reaction
temperature can be lowered and catalyst degradation can be suppressed.
The hydrogen/oil ratio is preferably within a range from 1,000 to 8,000 scfb
20  (standard cubic feet per bairel), and more preferably from 1,500 to 5,000 scfb.
Provided the hydrogen/oil ratio is at least 1,000 scfb, the desulfurization activity and
denitrification activity can be further enhanced, whereas provided the hydrogen/oil ratio
is not more than 8,000 scfb, increases in the operating costs can be suppressed.
[0044]

25 In the process for hydrotreating a hydrocarbon oil described above, because the



Further, a separate 50 L container was charged with 12.86 kg of an
al um num sul f at e aqueous sol uti on having an Al 203-equi val ent
concentration of 7% by nmass, and the aqueous sol ution was then
diluted with 23 kg of ion-exchanged water. Subsequently, using a
roller punp, the diluted al um num sul fate solution was added to the
15above- nmenti oned carrier preparation2§olution at a constant rate
until a p 2 : i . . The
e GieoR GBG 00 Y3 HRUER B Eh Ao Bl n S g

t hus obt ai ned”s one const ant

stirring, s .subsequent .y dewatered usin flat filter d.was

t hen was he‘ﬁéa Iﬁﬁa%f%g&f_v“gflgl‘éseg\&@%%@r ﬁgﬁieélt g‘%fg%% ﬁlgmg%rf ?J(}Il?e%wg i oni a.
The washeg cake;lik% slur%¥ was diluted 20 with ion-exchanged water
to achi eveSrOcA9D T CohpeHtecaYHIFmEYeh 0% by mass, and the pH was then
adjusted to 10.5 by addi ng 22% by nass ammoni a water. The resulting
pH adj usted slurry was transferred to an ageing tank fitted with a
refl ux condenser, and the slurry was then heated at 95C for 10 hours
under constant stirring Follow ng ESgVBEE®DNn of ageing, the slurry
was dewat ered, and a double aim 25 kneader fitted with a steamjacket
was then ugedsito knead the slurry while the water 28 content was
concentrated down to a predeterm ned | evel. Subsequently, 340 g of
boric acid was ahdeeksemimtiehtie is @sdstibedng nrarx tetsibbalas based en agaias of
kneaded while the water content was concentrated down to a

predet er m gechpledid conlpieatBB eRinmsiek, Kﬁt&&g@és@f @elettion Wi nowageithited bo
circular cylindrical pellets having a dianeter of 1.8 mmand a |l ength

of 5 2 to Belankiid|FeRRec@tiblsi on ol di ng apparatus, and the nol ded
pellets were dried at 110C. Subsequently, the dried nolded product

was cahpin§@4$ r 3 hours at a tenperature of 550C in an electric
furnace, thus @ielding a carrier. The Si02 concentration within this

(S} 0] 3.8%b , d
The 15105 TOAREke PRI R GRS PORR b MR, &, *  ctursor 4

was then prepared usin he same, subsequent steps as those descri bed
for the pr&E&Fﬁgpgﬂ§g¥g¥%8ﬂ%§?gFLst precursor 1. [0050] (Catalyst

precursor 5) (Catalyst precursor 1)
A 100 L tank fitted with a steam jacket was charged with 8.55 kg of a sodium
15  aluminate aqueous solution having an Al,03-equivalent concentration of 22% by mass,
and the aqueous solution was then diluted with 29 kg of ion-exchanged water.
Subsequently, 3.6 kg of a trisodium phosphate solution with a P2Os-equivalent
concentration of 2.5% by mass and 1.8 kg of a sodium silicate solution with a
8i0;-equivalent concentration of 5.0% by mass were added to the tank under constant
20  stiring, and the resulting mixed solution was heated to 60°C to obtain a carrier
preparation solution.
Further, a separate 50 L container was charged with 13.43 kg of an aluminum
sulfate aqueous solution having an Al,Os-equivalent concentration of 7% by mass, and
the aqueous solution was then diluted with 24 kg of ion-exchanged water. Subsequently,

25  using aroller pump, the diluted aluminum sulfate solution was added to the



Wth the exception of not using the boric acid in the carrier
preparation, a 1l5catal yst precursor 5 was obtai ned using the sane
preparation nmethod as that described above for the catal yst precursor
2. (Catalyst precursor 6) Wth the exception of not using the

trisodi um phosphate in the carrier preparation, a catalyst precursor
6 was obt ai ned using the sanme prepar atddon rret hod as 20t hat described

above for e t Cat al yth th
exception %‘Pv‘ﬁg{%n@g{aﬁalg‘ﬁ’ggrgéf%%{?ﬁsgliuﬁ%%ﬁaae Oflﬂa Cﬁ‘éﬁ @Z £72was

preparation, a catalyst, precursor 7 was obtai ned usi ng the sane

preparat i oisahet b P&@aflﬁéﬁ hydraigsiopd above for the catal yst
precursor 2. 25&_ Cat al yst precursor 8) Wth the exception
of not using th hbélgrs(@brﬂrl@riélrmczaraﬁeaeakfewwlroﬁéatr@fiapn@amr@ram gring, ep,

a catal yst precursor 8 was obtai ned using the sanme preparation nethod
as that desaydubseduerthyyiewhtoredbing edlablifetang e tiresorasized wihal 4l lysfia
precursor 9) 5Wth the exception of not using the basic cobalt
car bonet e 0.%tHyanaye b@lcosugpoioniofignsibeip, Bheatshkd stikepike slurrg ovas Bilvted
obt ai ned using the sane preparation nethod as that described above
for the cayiahjmtexphimged Gater .achiSRbah] AlLGY @atdntriatibrgf 1004 HroElsds, and the pH
was then adjusted to 10.5 by adding 15% by mass ammonia water.
The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
reflux condenser, and the slurry was then heated at 95°C for 10 hours under constant
10 stirring. Following completion of ageing, the slurry was dewatered, and a double arm
kneader fitted with a steam jacket was then used to knead the slurry while the water
content was concentrated down to a predetermined level. Subsequently, 280 g of boric
acid was added, and the resulting mixture was once again kneaded while the water
content was concentrated down to a predetermined level. The obtained kneaded product
15  was molded into circular cylindrical pellets having a diameter of 1.8 mm and a length of
2 to 3 mm using an extrusion molding apparatus, and the molded pellets were dried at
110°C. Subsequently, the dried molded product was calcined for 3 hours at a
temperature of 550°C in an electric furnace, thus yielding a carrier. The SiO;
concentration within the carrier was 2.8% by mass, the P,Os concentration was 2.8% by
20  mass, and the B;Os concentration was 5.0% by mass.
Next, 235 g of molybdenum trioxide, 24 g of basic nickel carbonate and 75 g of
basic cobalt carbonate were suspended in 500 ml of ion-exchanged water, and the
resulting suspension was heated under reflux for 5 hours at 95°C, ensuring that there was

no reduction in the liquid volume. Subsequently, 147 g of citric acid and 21 g of

25  phosphoric acid were added to, and dissolved in, the heated suspension to prepare an



10( Sul fi ding nethod 1) A recirculating fixed bed reactor was
packed with 100 ml of the catal yst precursor, and a m xed gas
(hydrogen : hydrogen sulfide = 97:3 volune % was passed through the
reactor at a flowrate of 30 L/hour, while the tenperature of the
reactor was rai sed fromroomtenperature at a rate of 10C/ m nute
under a total pressure of 6 MPa. 15 SGésequentIy, the tenperature was
hel d at 240C for. 4 hours nd the tenper.atur ;

i ncr eased PEEAHED hflﬁlleé’ ?ngntrﬁ)lgrl e eatu\}\)/gslq't"%ew}ﬁél S E]gﬁ%ﬁrg&@%%%ﬂ{%r %gegnﬁgcl})r s
to conplete the presulfiding treatnment. (Sulfi.ding methad 2

Wh the. diedgDOBPIaHe i BRetdrederiBer | Abr edpe Rt iRt g Ttore 4
presul fiding 20 treatnment was perforped .in the sane manner as tre

sul fi di ng dsEd+red then cﬁméfor[%ﬁﬂwt ot0°4et &r ﬁ?ﬁﬂﬂ%ﬁ&%ﬁ@r b&@glﬂgtﬂ&éﬁé iy
nunber | Fol I ow ng conpl etion of the presul fiding treatnent,
t he react aweamessr boolkanctivatebosiat wipnopertewshinahratahst BrepEsTdt¥YHE gas
was changed fromthe m xed gas to nitrogen. 25 The pressure was

| over ed t ol by plasy 4fdMigD 5 § S04 by magsdT ol avdil g by mgssid NP t he val ves
at 30 the inlet and outlet of the reactor, the reactor was renoved.
The presuljbd4lijzed catal yst was renoved fromthe reactor inside a
nitrogen-filled gl ove box, and approximately 10 g of the catal yst was
pul veri zed to a(GitZ9st@hecagbr Zore than 20 nmesh. The resulting catal yst
powder was stored inside a sanple contai ner under a nitrogen

at nosphere. 5 TRgishaekdepSod $ihR 107 oloftalPhID HEREEDEUE titrileack] @lbing
within the sulfidized catal yst was neasured by inspection of a

transmss gﬂgoa‘?zltﬁﬁ?o‘? 9{5 iﬁkﬁ%ﬁeﬁfbﬂQﬁuﬁ?ﬁh@tal&%ﬁ%ﬂma—ﬁ'@wﬁs‘/&ftﬁﬂﬁl ﬁlr%(ﬂfé ng

nunber was det erm ne g the Tormula bel ow. (Aver age

st acking nslém%ﬁv?%pg@tlg? %Hﬁg &k 0f 1 REARE S0l Y LS c?al}?st?%%ﬁgfl%lﬁr pf AR

nol ybdenum su ving n stacked | ayers nunber of
reasur ed TRLASERUT Bl U DERGA Bk A A0 By i
3.5% by mass of CoO and 1.0% by mass of NiO.
[0048]
(Catalyst precursor 3)

15 235 g of molybdenum trioxide, 12 g of basic nickel carbonate and 86 g of basic
cobalt carbonate were suspended in 500 ml of ion-exchanged water, and the resulting
suspension was heated under reflux for 5 hours at 95°C, ensuring that there was no
reduction in the liquid volume. Subsequently, 147 g of citric acid and 21 g of
phosphoric acid were added to, and dissolved in, the heated suspension to prepare an

20  impregnation liquid, and this impregnation liquid was then sprayed onto and impregnated
into 1,000 g of the same carrier as that used in the catalyst precursor 1. Calcination was
then performed in the same manner as that described for the preparation of the catalyst
precursor 1, yielding a catalyst precursor 3.  The activated metal components within the

catalyst precursor 3 were 18.0% by mass of MoOs, 4.0% by mass of CoO and 0.5% by

25  mass of NiO.



The catal yst precursor 1 (100 ml) was packed in a fixed bed reactor
and subjected to a presulfiding treatnent using the sulfiding nmethod
1. Subsequently, a vacuumgas oil (boiling point range: 343 to 550C,
sul fur content: 2.44% by nass, nitrogen content: 0.085% by mass) was
supplied to the fixed bed reactor at agfyate of 200 20 m /hour to
effect hydrotreatnent. The reaction conditions during the

hydr ot r eat ##49] i ncl uded a hydrogen partial pressure of 6 MPa, a
liquid hourly space velocity of 2.0 El, a hydrogen/oil ratio of 2,500
scfb, and a readCealystesmeoature of either 340C or 360C. The
results for the desul furization rate and denitrification rate at each

of the reaction A empEfaak HE8Swak e s@&ﬁ%kbﬁ%@hﬁe@wﬁ@@?@%go asodlum
desul furization rate was cal cul ated using the tornul a: fu

cont ent 351111&1%%@1@60@% s&ﬁfﬂ%ﬂ{a‘%ﬁ%tah@\gz S~ vhight c%ﬁggnﬁﬁtg ftﬁlynb 1%9 um

gas oil) x 100 (% . The denitrification rate was ca I aréd 5| ng’ t he
formul as (pi dttﬁ@gcgleo&%ﬁﬁeﬁ 1\(8%3 [:ggen
content wi tLI n vacuum gas gl&ﬂﬂ% ‘yt"@%%ﬁﬁf‘ g%’éﬁ%%p Ig
Wth the e f S] p recur. orélnst ad of the
cat al yst p%(‘gogu sor % kg oﬁ gnsc? lPéré]f Wéﬂ%%&& u“ﬁ@r“f’%rar% 5'F91“1Y tsame
manner as Exa {L results 31f’l g"’c esul, LUI’I zatjon rate and
denitrifi c%ﬁnlc%ﬁraﬁﬁq of % L @ﬁmsﬁ?ndt g{(gg ?q%&’i“ # ?Pﬁ’é?oéﬁti‘j’Pé@“a?r e shown
in Table | % alnlg Wth the exception of using the
cat al yst p$‘9él§’ wple CPF@PE%*H’“&PE StO%bwﬁ%ﬂ%@ adsled g g gnk pndey constant
hydr otreat nent was perfornmed in the sanme nmanner as Exanple 1. The
resul ts f otk aprbtheresylting mixessoluiion wapbeatrship 601G focitsiomcartiere at each
of the reaction t en}ger atures are shown in Table 1. 15(Exanple 4)
Wth tHe exepgsttiossolsfionsi ng the catal yst precursor 4 instead of the
catal yst precursor 1, a hydrotreatnent was perforned in the sane
manner as ExaanFertller, d{epamnesl [t @nfainer tae clibeged | vith 12788 edT ah aluenigng
denitrification rate at each of the reaction tenperatures are shown
in Tabl e IlsulE@(EGomwpasditioncaiing aplad,Cl)equivalent concentration of 7% by mass, and

the aqueous solution was then diluted with 23 kg of ion-exchanged water. Subsequently,

using a roller pump, the diluted aluminum sulfate solution was added to the

15  above-mentioned carrier preparation solution at a constant rate until a pH of 7.2 was
reached, thus preparing a hydrate shury.
The thus obtained slurry was aged for one hour at 60°C under constant stirring,
was subsequently dewatered using a flat filter, and was then washed with 150 LL ofa
0.3% by mass aqueous solution of ammonia. The washed cake-like slury was diluted
20  with ion-exchanged water to achieve an Al,O3 concentration of 10% by mass, and the pH
was then adjusted to 10.5 by adding 22% by mass ammonia water.
The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
reflux condenser, and the slurry was then heated at 95°C for 10 hours under constant

stirring,  Following completion of ageing, the slurry was dewatered, and a double arm

25  kneader fitted with a steam jacket was then used to knead the shurry while the water



Wth the exception of using the catal yst precursor 5 instead of the
catal yst precursor 1, a hydrotreatnent was perfonned in the sanme
manner as Exanple 1. The results for the desul furization rate and
denitrification rate at each of the reaction tenperatures are shown
in Table 1. 25(Conparative Exanple 2) Wth the exception
of using the catal yst precursor 6 |ns?§ad of the catal yst precursor

1, hyd
Thear egu[ g@ﬁg@ﬁ@%@%s atgg‘a&% {Beadplla&aér%ea%w MeRBEudRly D4 S otic

urization rate and enlttlflcatlon rate at

each of tha%ldrvsei ddv{: Pl{l}fé{g?es@lthﬂ %ﬁxt@fe%a?% z#g{}ltl%%?cieﬁuj leﬁ{e@ﬁ&ar ative

Exanpl e 3) exc 1'on o e cat yst precursor
7 instead of, the catal yst . precursor tr. at d
in the sarf@mey ‘ﬁ@rcoﬁgenéﬁtﬁﬁg?‘gn% apfﬁ%ejfmrffpﬁ%"e gFa esgg?a&%? ? 'ilicgﬁ
rate and denitrifjcation rate at_ each of, the rea cti u

are shown Y3 Melfgddnio cirpplarss ﬁf‘ﬁgﬁl‘é‘l P??@tséié%laéh@)‘e & or ' s nﬁi ? g{h ot
exception of using the catal yst precursor instead of the ca,ta?l st
precur Sor 21fo SmpSiaEn SHE M mNdEE 8P ’t‘ﬂ*‘%@%ﬂ fhs maldedpsiiets Waigideied 8
Exanple |. The results for the desul furization rate and

deni trifi cld0t@n Subsesuantiyethe dried mpkled produetivens celewpéfoad jiows 2ht e shown
in Table 1. 15(Conparative Exanple 5) Wth the exception of
usi ng t he tempeahipst offseUlinswrel@tricisinect thok yiehingacadisgrst The 36ur sor 1, a
hydrotreat ment was perforned in the same manner as Exanple 1. The
resul ts f afonédn@ratieswdittih iz edifi@rwas 3t63% pchaske thetP, Of camatiitation whe3. 8% lyach
of the reaction tenperatures are shown in Table 1. 20(Conparative
Exanpl e 6)mass, andthe]WOﬂ:oﬁd&ﬁtrﬁitﬁQﬁslﬁfﬂ%Bﬁlmsd.ng the sul fiding method 2
instead of the sulfiding nethod | for the presulfiding treatnent, a
hydr ot yeat ment \@@éata@f‘s]g hREIEE 4 Wastthéh eiRed RORAEe St xRt sep sHe

results for the de urization rate and denitrification rate at each

of the reagll.Qfs g@?di@ﬁe"{fr&ﬁarﬁfoﬁ of (R\Whkaiyk ptaRi®r 1. 33 [0055] [Table

1] Average stac
[0050]

(Catalyst precursor 5)
With the exception of not using the boric acid in the carrier preparation, a
15 catalyst precursor 5 was obtained using the same preparation method as that described
above for the catalyst precursor 2.
(Catalyst precursor 6)
With the exception of not vsing the trisodium phosphate in the carrier
preparation, a catalyst precursor 6 was obtained using the same preparation method as
20  that described above for the catalyst precursor 2.
(Catalyst precursor 7)
With the exception of not using the sodium silicate in the carrier preparation, a
catalyst precursor 7 was obtained using the same preparation method as that deseribed
above for the catalyst precursor 2.

25 (Catalyst precursor 8)



nunber
mass)
76 89

10

15

20

25

Desul furization rate (% by mass) Denitrification rate (% by
340C 360C 340C 360C Exanple 1 1.2 79 91 25 43 Exanple 2 1.4

29

With the exception of not using the basic nickel carbonate in the metal
supporting step, a catalyst precursor 8 was obtained using the same preparation method
as that described above for the catalyst precursor 2,

{Catalyst precursor 9)

With the exception of not using the basic cobalt carbonate in the metal
supporting step, a catalyst precursor 9 was obtained using the same preparation method
as that described above for the catalyst precursor 2.

[0051]
[Presulfiding methods]

(Sulfiding method 1)

A recirculating fixed bed reactor was packed with 100 ml of the catalyst
precursor, and a mixed gas (hydrogen : hydrogen sulfide = 97:3 volume %) was passed
through the reactor at a flow rate of 30 L/hour, while the temperature of the reactor was
raised from room temperature at a rate of 10°C/minute under a total pressure of 6 MPa.
Subsequently, the temperature was held at 240°C for 4 hours, and the temperature was
then further increased to 340°C. The temperature was then held at 340°C for 24 hours
to complete the presulfiding treatment.

(Sulfiding method 2)

With the exception of increasing the final temperature to 400°C, a presulfiding
treatment was performed in the same manner as the sulfiding method 1.

[0052]
[Method of determining average stacking number]

Following completion of the presulfiding treatment, the reactor was cooled to
room temperature, and the circulating gas was changed from the mixed gas to nitrogen.

The pressure was lowered to atmospheric pressure, and following closing of the valves at



24 42 Exanple 3 1.3 77 90 23 41 Exanple 4 1.3 78 91 24 43 Conparative
Exanple 1 1.8 74 87 19

30

the inlet and outlet of the reactor, the reactor was removed. The presulfidized catalyst
was removed from the reactor inside a nitrogen-filled glove box, and approximately 10 g
of the catalyst was pulverized to a size of not more than 20 mesh. The resulting catalyst
powder was stored inside a sample container under a nitrogen atmosphere.

5 The stacking number of the molybdenum sulfide slab within the sulfidized
catalyst was measured by inspection of a transmission electron microscope (TEM)
image.

The average stacking number was determined using the formula below.
(Average stacking number) = . (number of stacked layers n x number of
10  molybdenum sulfide slab having n stacked layers} / total number of measured
molybdenum sulfide slab
(wherein n is an integer of 1 or greater)
[0053]
[Hydrotreating of hydrocarbon oil]
15 (Example 1)
The catalyst precursor 1 (100 ml) was packed in a fixed bed reactor and
subjected to a presulfiding treatment using the sulfiding method 1. Subsequently, a
vacuum gas oil (boiling point range: 343 to 550°C, sulfur content: 2.44% by mass,
nitrogen content: 0.085% by mass) was supplied to the fixed bed reactor at a rate of 200
20 ml/hour to effect hydrotreatment. The reaction conditions during the hydrotreatment
included a hydrogen partial pressure of 6 MPa, a liquid hourly space velocity of 2.0 h',a
hydrogen/oil ratio of 2,500 scib, and a reaction temperature of either 340°C or 360°C.
The results for fhe desulfurization rate and denitrification rate at each of the
reaction temperatures are shown in Table 1.

25 The desulfurization rate was calculated using the formula: (sulfur content



36 Conparative Exanple 2 1.5 73 87 20 37 Conparative Example 3 9.9 69
85 19 36 Conparative Exanple 4 1.4 75 88 20 37

31

removed by hydrotreating / sulfur content within vacuum gas oil) x 100 (%). The
denitrification rate was calculated using the formula: (nitrogen content removed by
hydrotreating / nitrogen content within vacuum gas oil) x 100 (%).
[0054]

5 (Example 2)

With the exception of using the catalyst precursor 2 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

10 (Example 3)

With the exception of using the catalyst precursor 3 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

15 (Example 4)

With the exception of using the catalyst precursor 4 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same mauner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

20 (Comparative Example 1)

With the exception of using the catalyst precursor 5 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

25 (Comparative Example 2)



Conparative Exanple 5 1.5 65 79 18 36 Conparative Exanple 6 2.8 69 86
20 37 [0056] 5By enploying the hydrotreating catalysts of Exanples 1
to 4, each of which was prepared by presulfiding a catal yst precursor
obt ai ned by supporting nol ybdenum cobalt and nickel on a carrier
contai ning alum num silicon and boron, and had an average stacking
nunber for nol ybdenum sul fide sl ab thgg was greater than 1.0 but not
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that did not include ilicop S| a carrier conponent, the
temperatures are shown in Table 1
5 (Comparative Example 3)

With the exception of using the catalyst precursor 7 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

10 {Comparative Example 4)

With the exception of using the catalyst precursor 8 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

15 (Comparative Example 5)

With the exception of using the catalyst precursor 9 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

20 (Comparative Example 6)

With the exception of using the sulfiding method 2 instead of the sulfiding

method 1 for the presulfiding treatment, a hydrotreatment was performed in the same

manner as Example 1.  The results for the desulfurization rate and denitrification rate at

each of the reaction temperatures are shown in Table 1.
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[0056]

By employing the hydrotreating catalysts of Examples 1 to 4, each of which was
prepared by presulfiding a catalyst precursor obtained by supporting molybdenum, cobalt
and nickel on a carrier containing aluminurm, silicon and boron, and had an average
stacking number for molybdenum sulfide slab that was greater than 1.0 but not more than
1.9, the sulfur content and the nitrogen content within the vacummn gas oil were able to be
10 effectively removed.

In the case of the hydrotreating catalyst of Comparative Example 1 that did not
include boron as a carrier component, the hydrotreating catalyst of Comparative Example

2 that did not include phosphorus as a carrier component, and the hydrotreating catalyst

of Comparative Example 3 that did not include silicon as a carrier component, the



5reached, thus preparing a hydrate slurry al. [0058] (Second step)
The obtained hydrate slurry al was aged for one hour at 60C under
constant stirring, was subsequently dewatered using a flat filter,
and was then washed with 150 L 10 of a 0.3% by nass aqueous sol ution
of amoni a. The washed cake-like slurry was diluted with

i on-exchanged water to achieve an Al 263 concentration of 10% by mass,

and the pH was.then adjusted to 10.5 b ddi ng 15% by SS ,ammoni a
wat er. Th ep’é‘é{a‘faflPlhba?ep{yﬁilaf’ﬁ%tﬁl%&gﬁ ({S?F#e@&gh? RetEr r%%%te% % agei ng
tank fitted with a reflux condenser, and the slurr s then heated
b O5C £ orde s RIS TS PO NIRRT BB LGOI RGPl ot 1 on
of ageing, the slurry was dewatered, and a doubl e arm kneader fitted
with a steam j adkibe copgof thediydiphegfingsalelystef Gonerasatiye Eypamwle frdhat did nght er
content was concentrated down to a predetennined | evel. Subsequently,
280 g of boelide mdictasvsactvatetinetahepmpaaent.candithe ngravierting atalgsofonce
agai n kneaded while the water content was concentrated down to a

pr edet &r m Qanpdrative Exathles thatdidhat gnctnde aolalteas-ah activateg n2@atmbmporght, 42,

[ 0059] (Third step) The obtained carrier-formng material a2

was nol deddenhitificatibh €tk @hs Ioykt ek thavdbsaetd witke Hawiphy. ardtlaneier of 1.8
mmand a length of 2 to 3 mmusing an extrusion 25 nol di ng appar at us,

and t he nojdadipelidrehe WRhio e feithechiayst dbLOGmpoubeaappld 3, the 36

dried nol ded product was calcined for 3 hours at a tenperature of

550C in an el ecty e cﬁééro@%%ydfﬁ‘éﬁir%jdﬁ{aﬁjsf‘& CorfRkdtive Ex@dple BN@hich Ads
concentration within the carrier a3 was 2.8% by nass, t?’ue P205

concentr at j %é%fﬁﬁ, Ig.es%%q&ﬁ)[g BRayst ﬁﬂ:guzfs&eobﬁ%% b%ﬂﬁ}%?ﬁﬁgal%l%'déﬁ@ﬁ, SbAfo

by mass.

10  and nickel on a carrier containing aluminum, silicon and boron, but had an average
stacking number for molybdenum sulfide slab that exceeded 1.9, both the desulfurization
rate and the demitrification rate were lower than those observed in the examples.

[0057]
Process for producing hydrotreating catalyst of the second aspect of the present invention

15 [Example 5: Preparation of hydrotreating catalyst a]

(First step)

A 100 L tank fitted with a steam jacket was charged with 8.55 kg of a sodium
aluminate aqueous solution having an Al;O;-equivalent concentration of 22% by inass,
and the aqueous solution was then diluted with 29 kg of ion-exchanged water.

20  Subsequently, 3.6 kg of a trisodiuin phosphate solution with a P,Os-equivalent
concentration of 2.5% by mass and 1.8 kg of a sodium silicate solution with a
Si0,-equivalent concentration of 5.0% by mass were added to the tank under constant
stirring, and the resulting mixed solution was heated to 60°C to obtain a carrier
preparation solution.

25 Furiher, a separate 50 L container was charged with 13.43 kg of an aluminum



(Fourth step) Next, 235 g of nolybdenumtri oxide, 24 g of

ni ckel carbonate and 75 g of cobalt carbonate were suspended in 500
m of ion-exchanged water, and the resulting suspensi on was heated
under reflux for 5 hours at 95C, ensuring that there was no 10
reduction in the liquid volunme. Subsequently, 147 g of citric acid
and 21 g of phosphoric acid were added5to, and dissolved in, the

heat ed suspension to prepare an inpregnation |iquid, this

ot egnat | DHeiEGURCH SR EN g 3P AYDl <y B eShan Y 2 s 000
g of the carrier 3a., The resulting inpregnated carrier was dried, and
then cal ci teauesns SHIORGU T BBBENIN 4rFEdl éeriobages Wace, SPPRABImY: a
catal yst precursor a4. 15[0061] (Fifth step) A recirculating fixed
bed react orsingssroperqiue, thetdivied oluminut sultte sobitian s afdedéuthsor a4, and
a m xed gas (hydrogen : hydrogen sulfide = 97:3 volune % was passed
t hr ough t haboreashidened carsief prepuratmneocfioBa a gohgsant ratehntile fthel 7.2 was
tenperature of the 20 reactor was raised fromroomtenperature at a
rate ofs 10/ hdNet U pieideing @ hiydrh@lslypryetsure of 6 MPa. Subsequently, the
tenperature was held at 240C for 4 hours, and the tenperature was
then Blithgosgincreased to 340C. The tenperature was then held at 340C
for 24 hours to conplete the presulfiding treatnent. This treatnent

yi el ded a hydrotggahd fgpcatal yst a. 25For the activated neta
conponents within the hydrotreating catalyst a, the 37 nolybdenum

had a Mb03- equi vigk8Bincd GfHe iy vob a%é;?l- 1876 hoPas0°C Mk ebRldar had

a Co0-equi val ent "concentration of 3.5% mass, an he nickel had a

N 0 et v iy SATEALE ALl OR ik ARG, B IRS By by 0
gsglhgghodgts %ﬁ) ﬁ’% b%%g?@véggs sjélu%i'on LJP z?n?t% nig. l?eoxgasﬁtfad gai%-%icén slﬂ{'r?’ Yas
diluted with ion-exchanged water to achieve an Al;O3 concentration of 10% by mass, and
the pH was then adjusted to 10.5 by adding 15% by mass amumonia water.
The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
reflux condenser, and the sturry was then heated at 95°C for 10 hours under constant
15 stirring. Following completion of ageing, the slurry was dewatered, and a double arm
kneader fitted with a steam jacket was then used to knead the slurry while the water
content was concentrated down to a predetermined level. Subsequently, 280 g of boric
acid was added, and the resulting mixture was once again kneaded while the water
content was concentrated down to a predetermined level, thus yielding a carrier-forming
20  material a2.
[0059]
(Thixd step)
The obtained carrier-forming material a2 was molded into circular cylindrical

pellets having a diameter of 1.8 mm and a [ength of 2 to 3 nun using an extrusion

25  molding apparatus, and the molded pellets were then dried at 110°C. Subsequently, the



Fol I owi ng conpl etion of the presulfiding treatnent, the reactor was
cooled to roomtenperature, and the circul ati ng gas was changed from
the m xed gas to nitrogen. 10 The pressure was | owered to atnospheric
pressure, and follow ng closing of the valves at the inlet and outl et
of the reactor, the reactor was renoved. The presul fidi zed catal yst
was rermoved fromthe reactor inside a3fitrogen-filled glove box, and
approximatgly 1 of . the catal yst S | veriz t oS4 ; f t
mor et han 5 medded pipe{ Gl Red TRt RSl s T B,
sanpl e cont ai ner. under, a nitrogen_at phere, 15The.stacki.ng .nunber
of The noMGBEEdHS SNGTER CRTEG wi TAT HCERESOF I8 S04 CAEATICE Vs
measured by inspection of a transm ssion electro 1 croscope. (TE

i mage. The’gf%’("é’b’é@ésél?%%ﬁ@fmﬁﬁﬁ%’éfl Wha &- B berAssn t{’?%g’f% cpﬂge“frétt‘cml\ul?a
bel ow. (Average stacking nunber) = E (nunber of stacked |layers n x
nunber of P& 5bPHawAtm sul fide sl ab having n stacked | ayers) / total
nunber of nmeasured nol ybdenum sulfide slab (wherein n is an integer
of 1 or5 gr[ééddr) [0063] [Exanple 6: Preparation of hydrotreating
catal yst b] 25Wth the exception of using 147 g of malic acid instead
of the citric a¢Fehrilutéphg 38 preparation of the inpregnation liquid
inthe fourth step, a hydrotreating catal yst b was prepared in the
same manner as KERNDES g 5f mbBbdénue wickidy,@dechimidkel catapeard TS g of tdbiah
the hydrotreating catalyst b, the nolybdenum had a M03-equi val ent
concent r at j,an @k whe Ql%(%é;memamo il iGobahdnghadair, Galimeasuiagent

concentration of 3.5% by nmass, and the 5 nickel had a N 0-equival ent

concentr ag%\%%nmm %\rfalg) g%a@ésﬁl nggéxsreﬂﬁyforr Q%F%rs Téaﬂjﬁi"[@véi{s@ﬂ@g hakdsk Rds Ryber

for nolyb m su was 1.4. _Exanple 7: Preparation
o DrHEL SR 8, SNl Sh G SaPy B Slsbicnigr he
phosphoric acid were added to, and dissolved in, the heated suspension to prepare an
impregnation liquid, and this impregnation liquid was then sprayed onto and impregnated
into 1,000 g of the carrier 3a. The resulting impregnated carrier was dried, and then
calcined for one hour at 550°C in an electric furnace, yielding a catalyst precursor a4.
15 [0061]

(Fifth step)

A recirculating fixed bed reactor was packed with 100 ml of the catalyst
precursor a4, and a mixed gas (hydrogen : hydrogen sulfide = 97:3 volume %) was
passed through the reactor at a flow rate of 30 L/hour, while the temperature of the

20  reactor was raised from room temperature af a rate of 10°C/minute under a total pressure
of 6 MPa, Subsequently, the temperature was held at 240°C for 4 hours, and the
temperature was then further increased to 340°C.  The temperature was then held at
340°C for 24 hours to complete the presulfiding treatment.  This treatment yielded a
hydrotreating catalyst a.

25 For the activated metal components within the hydrotreating catalyst a, the



10al tering the ampbunt of basic cobalt carbonate to 86 g in the fourth
step, a hydrotreating catalyst ¢ was prepared in the same manner as
Exanpl e 5. For the activated netal conponents within the

hydrotreati ng catal yst ¢, the nol ybdenum had a Mb03- equi val ent
concentration of 18.0% by nmass, the cohalt had a CoO-equival ent
concentration of 4.0% by mass, and the'/ni ckel had a NiO- equi val ent

concentr at &ﬁlgbggnu%@gga%@% ivafentt Q8ctieali6n B0 By ol BR B

hydr ot r eat'i cata rst step tank fitted

Bucous sortr EOR el SRR FEA Kb PapontdeBARRE ML BULDE, O

mass, 20 and th_e.aqufeo solution was then diluted with 28 kg of

i on- exchanGBEEWaLY}© @%?@&E@ﬁt ly, 4.8 kg of a trisodium phosphate
solution with a _P205-equival ent concentrati ogn o .5%b and 3.6
kg of a sodi um $PIheEECE: &5 AEREHSIRES né‘“%?b T B’Q[?Ibé%ﬂ”é‘hﬁu){%mt ration
of 5.0% by nmass were added to the tank under constant stirring, and

t he resul t{argmiredaging sraunetbed doaeriisd helew, vas 6BC to obtain a carrier
25preparation solution. 39 Further, a separate 50 L

cont ai ner [W&82lcharged with 12.86 kg of an al um num sul fat e aqueous
sol ution having an Al 203-equi val ent concentration of 7% by nmass, and
t he aqueousMsthbdibf daterimdising ineragdistadtieginwibdr>23 kg of i on-exchanged

wat er. Subsequently, using a roller punp, the diluted al um num

sul fat e sol uti oFolewingdo@gletion bihe pabafidngesitvemngthe eaktor @fs cooled to
preparation solution at a constant rate until a pH of 7.2 was

reached, thus thFRaGLId)EnEHE Mi@étﬂ’étﬁig $hivhYchahQQGRIm (‘tlgﬁﬁs@d‘é?a@ teiroddhe
obtai ned hydrate slurry was aged for one hour at 60C under constant

10 stifgingpe ﬁ%ﬁué%’%?&#&gﬁ {otdeNatR! Seksthel 8 Budwia cbiihk @ft};he%l@eé"qﬁs

t hen washed th 150 L of a 0.3% by nmass agueous sol uti on of ammoni a.

The Washed,case ha s bHi YeltRS Jfg%tflgyw rblol e HERRNARH- LNy ©

achi eve an concentration’o mass, an pH was t hien

adj ust ed tvcs)fasll%fngvetc)iy fr(%g glilquacgozro’x/ﬁsl?é/e 855 geﬁmﬁi gﬂ)v\é'%&?,rahd approximately 10 g

of the catalyst was pulverized to a size of not more than 20 mesh. The resulting catalyst
powder was stored inside a sample container under a nitrogen atmosphere.

15 The stacking number of the molybdenum sulfide slab within the sulfidized
catalyst was measured by inspection of a transmission electron microscope (TEM)
image.

The average stacking number was determined using the formula below.
{Average stacking number) =3 (number of stacked layers n % number of

20  molybdenum sulfide slab having n stacked layers) / total number of measured

molybdenum sulfide slab

(wherein n is an integer of 1 or greater)
[0063]
[Example 6: Preparation of hydrotreating catalyst b]

25 With the exception of using 147 g of malic acid instead of the citric acid during



The resulting pH adjusted slurry was transferred to an ageing tank
fitted wth a 15 reflux condenser, and the slurry was then heated at
95C for 10 hours under constant stirring. Follow ng ageing, the
slurry was dewatered, and a double arm kneader fitted with a steam
j acket was then used to knead the sli while the water content was
concentrated down to a predeterm ned IFével. Subsequently, 340 g of

boric aci r%ﬁ%sat fdede 1apd %Hﬁ%n TigSiH i $h Gk, §11¥@§trélﬂﬁ§cﬁﬂ§ét'3 was

kneaded e water ntent was 20 concent d down to a

pr edet er méancjep%reldelﬁ/ e s8Rl GL 0GB SCAEL L adi0hh BB drBhs vhRO 7]

(Third st rrier-formng materla was no

into circ linpdri Iet avin

engt h of bl i BT ine Rop el ﬂff@?% e o Bn A, P
nol ded pellets were then dried t 11Q0C ubse r.ied
nol ded pr d&db’@bif\é’é‘s%éhe&ohgﬁhafi&r 0p- ﬁ%\l%e”ifm}fe? @ﬁ‘ﬁ%l"ﬁ% a‘;l/gjydpa%@ﬁ&ﬂi‘en
an electric furnace, thus yielding a carrier. The Si 02 concentration
Wi t hi n 3 hinickehhad adNiGreguiel @ sespentipsion of ha%dymmasso b Hieiayfagas 3. 8%
by mass, and the B203 concentration was 6. 0% by nmass. 5[ 0068]

The fourtrst@:hnIIgﬁmmbbrfstmp@bdmue‘lﬂlﬁ‘i@sbbﬂ%ﬂﬁ’ed in the sane manner as
Exanple 5, yielding a hydrotreating catalyst d. For the activated
nmetal conpdb@&jts within the hydrotreating catalyst d, the nol ybdenum
had a M03-equi val ent concentration of 18% by mass, the cobalt had a
Co0- equi vaiEeahple ghe@piraddn athydfotrdatbipchialynds, and the nickel 10 had a
Ni 0- equi val ent concentration of 1.0% by mass. Further, the average

st acki ng nunber viaf theeksbdanrwiekitkitteansduabof tasichéckblyditohite ad 1ngand
catalyst d was 1.3. [0069] [Conparative Exanple 7: Preparation of

hydr ot yieat Ali&ﬁlngﬁlfe%lrbéﬁﬁt dThhaMf¥ Edbalt Bﬁb@ﬁ%@@ﬂét%gin@ﬁe f00ih 46p, AGyHRdaemEi C
acid in the second step, a hydrotreating 15 catalyst e was prepared

in the sa B&/as gz%Fg-é@ﬂﬂhg e 1{':18{116; :ﬁ%}éﬁ Tola/at ady RLEkvEATRARENT S

wi thin the rotre ng cata yst e, ybdenum had a

Co0- equ va Ollf PhefPRERH ﬁfgﬁ&fo?@%@@ oy BoybGuitE b/ Oflebivalen
Ni O- | f 1. 0%
Ao DT R0

catal yst eby21(1)1\2,1\g and the n1Lke? Zlacl a NiO-equivalent concentration of 0.5% by mass.

15 [0065]
[Bxample 8: Preparation of hydrotreating catalyst d]
(First step)
A 100 L tank fitted with a steam jacket was charged with 8.18 kg of a sodium
aluminate aqueous solution having an Al;Os-equivalent concentration of 22% by mass,
20  and the aqueous solution was then diluted with 28 kg of ion-exchanged water.
Subsequently, 4.8 kg of a trisodium phosphate solution with a P;Os-equivalent
concentration of 2.5% by mass and 3.6 kg of a sodium silicate solution with a
SiO,-equivalent concentration of 5.0% by imass were added to the tank under constant
stirring, and the resulting mixed solution was heated to 60°C to obtain a carrier

25  preparation solution.



[ Conpar ati ve Exanple 8: Preparation of hydrotreating catal yst f]

Wth the exception of not using the trisodi um phosphate in the
preparation of the carrier in the first step, a hydrotreating
catalyst f was prepared in the same nanner as 25 Exanple 5. For the
activated netal conponents within the ?ydrotreating catalyst f, the
41 ol ybdenum had a M03- equi val ent concentrati on of 18% by mass, the

cobalt had a Co@ugfdt ¥@badie %Q%%ﬂﬁﬂe@%@ﬂlaﬁged%u@l%ﬂ% KpRFan a@dfthdnne
ni ckel had a Ni O-equival ent concentration of 1.0% by mass. Further,

the avera r | B804 BV 1
hydrorrea%%é%k%gﬁgﬁgmﬂ&gmﬁ&y% agﬁﬂ%%Qgﬁ?&&h%g#%%?§¥ﬁggbéygh%ﬂg m@

Prepar at | ?lﬁo ueg AR08 Aol n%ﬁﬁ@h Yith ﬁlkﬁ ffl]Oﬂ excﬂnggd Wa: e@ﬁ&h{]&{ﬂ Of

not u3|ng umS|I|caes utio ation

carrier in the f rst st hydr ot r ea prepared in
the same Q nﬁ'ieéhlgtedéglpnm% ‘ilt@?‘?qi?g% 188 C{%d\({:vg%ﬁonent s
within the hydrotreatlng cataly the 10 nol bden IEP

Mb03- eui VAOEFICEEMEE RRFSE PEPRY ion o8 iy o peRORS AR ale BRI AR P Hes

Co0- equi val ent concentration of 3.5% by nass, and the nickel had a
Ni 0- equi valcaghed.dbuduenariag p sHdae sSyos by nass. Further, the average
st acki ng nunber for nolybdenum sul fide slab in the hydrotreating
catal yst ogl0@a& 2.2. [0072] 15[ Conparative Exanple 10: Preparation of
hydrotreati ng catal yst h] Wth the exception of not using the
ni ckel carbonat €Setoand stgp)t he metal supporting perforned in the fourth
step, a hydrotreating catalyst h was prepared in the sane nanner as
Exanpl e 5. For tlhe obtinet ay@dticrbingl wasagpbfoe nhashont & G0AC héer constant
hydrotreati ng catal yst h, the nol ybdenum had a MO03- equi val ent

concenty at itRfn®fwad &%s@ﬂ:eﬂm@ewameh lishey oA diter, 201 Wadthen Cadedoithvad &nt
concentration of 3.5%Dby mass. Further, the average stacking nunber

for nol ybdgnumauh e acﬁje@@s doitibR 8t ﬁlﬁﬁlb%r ephd WhebtaAb ikt slampass 1. 4.
[ 0073] [Conparatlve Exanpl e 11: Preparation of hydrotreating catal yst

I ] diluted l\éi'{ I e&aﬁnge@mu teraclgévmtm@; Rdcdnbgisolabl, wankanake

during the neta supportl g 25 perforned 1nthe fourth step,” a

hydr ot r eat g GalahohSkijlseRS 105 838k 2% bY SraS@RmBRA Wfer.
The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
15  reflux condenser, and the slurry was then heated at 95°C for 10 hours under constant
stirring.  Following ageing, the slurry was dewatered, and a double arm kneader fitted
with a steam jacket was then used to knead the shurry while the water content was
concentrated down to a predetermined level.  Subsequently, 340 g of boric acid was
added, and the resulting mixture was once again kneaded while the water content was
20  concentrated down to a predetermined level, thus yielding a carrier-forming material.
[0067]
(Third step)
The obtained carrier-forming material was molded into circular cylindrical
pellets having a diameter of 1.8 mm and a length of 2 to 3 mm using an extrusion

25  molding apparatus, and the molded pellets were then dried at 110°C.  Subsequently, the



42 as Exanple 5. For the activated netal conponents within the

hydrotreating catal yst i, the nolybdenum had a M03- equi val ent

concentration of 18% by mass, and the nickel had a N 0-equival ent

concentration 1.0% by mass. Further, the average stacking nunber for

nmol ybdenum sul fide slab in the hydrotrﬁating catalyst i was 1.5.

5[ 0074] [ Conparative Exanple 12: Prepé ation of hydrotreating

catal yst j{. / i f i o} :
dgw%l mo}&% 8¥¥dtr1]1t:.'t[ \k%ec]gﬁzﬁ\eﬁ Bl 300l aat ﬁlg;%xfﬂe&zﬂ&eto? 5d°Lng electric

t enper at ur 0 st'ep, otreating catalyst | was
dinth . . 5. F . i I

omponont SUEEh e PRTR TS S eat e sy iiiop MER L B balEs Ry &

10 Mb03- i t trati 18% b ,~th balt h

Co0- equ v AMEHNC B GRR ARG "6F 4 T80 By nislhe B CReTAGRL B oa

Ni 0- equi val ent concentration of 1.0% by mass. Further, the average
stacki ng Y6 for nol ybdenum sul fide slab in the hydrotreating
catalyst j was 2.8. [0075] 15[ Hydrotreating of hydrocarbon oil]

Usi ng @acH0&#8]t he above-nentioned hydrotreating catalysts a to j, a
vacuum gas oil was hydrotreated in the manner descri bed bel ow, and

t he desul f uri zafThefouabtand fifth sispswere shanpedormefdn heghme manksy de Branepde i ng
catalysts (100 m) was packed in a fixed bed reactor, 20 and a vacuum
gas oi |l (ilcidige phoydidtreadng eitalgd. t BordhO@Etivseial etal compoments wthipabs by
mass, nitrogen content: 0.085% by nmass) was supplied to the fixed bed
react or athyardt@higgfatalR0d,thé Melbdémamefat adlo Oy eliuptatopatoneaitratidinef 18%
reaction conditions during the hydrotreatnent included a hydrogen

parti al pru/'gﬁfﬁa&e,eth%ob@n MERa CBOLdqtitbaRnt QHEdNaBRPEB. 506 b9 Glaby afd the altiM ,
a hydrogenfoil Tatio of 2,500 scfb, and a reaction tenperature of

ei t her; 3406y QrNiéﬁ%Giva?eﬁfr Sack@atb S 1.6 bihesdestikhel heabda fakRgand
denitrification rate at each of the 43 reaction tenperatures are
shown in T : £ U | WolaW we@hgul at ed

usi ng the I%E){lrbr%fﬂfoé :ln()(l)ébtﬂ1 F?udggggﬁete%‘ﬂ{ ﬁl;ﬁéén}é@{édc?%%?/ﬁ ygir1 %g?gea? :/l'ng [ sul fur
cont ent mﬁ@p@g vacuumgas oil) x 100 (% . The denitrification rate
was cal cul using the fornula: (nitrogen content renoved by 5

ey F o e thuayeve ERMSHe S0 R B aRHE iR o1 ) X 100 (%4

With the exception of not using the boric acid in the second step, a hydrotreating
15  catalyst e was prepared in the same manner as Example 5.  For the activated metal
components within the hydrotreating catalyst e, the molybdenum had a MoO3z-equivalent
concentration of 18% by mass, the cobalt had a CoO-equivalent concentration of 3.5%
by mass, and the nickel had a NiO-equivalent concentration of 1.0% by mass. Further,
the average stacking number for molybdenum sulfide slab in the hydrotreating catalyst e
20 wasl1.8.
[0070]
[Comparative Example 8: Preparation of hydrotreating catalyst f]
With fhe exception of not using the trisodium phosphate in the preparation of the
carrier in the first step, a hydrotreating catalyst f was prepared in the same manner as

25 EBxample 5. For the activated metal components within the hydrotreating catalyst f, the



Hydrotreating catal yst Desul furization rate (% by nmass)

Denitrification rate (% by nass) 340C 360C 340C 360C Exanple 5 a 79
91 25 43 Exanple 6 b
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molybdenum had a MoOs-equivalent concentration of 18% by mass, the cobalt had a
CoO-equivalent concentration of 3.5% by mass, and the nickel had a NiO-equivalent
concentration of 1.0% by mass. Further, the average stacking number for molybdenum
sulfide slab in the hydrotreating catalyst f was 1.5.

5 [0071]
[Comparative Example 9: Preparation of hydrotreating catalyst g]

With the exception of not using the sodium silicate solution in the preparation of
the carrier in the first step, a hydrotreating catalyst g was prepared in the same manner as
Example 5. For the activated metal components within the hydrotreating catalyst g, the

10 molybdenum had a MoOs-equivalent concentration of 18% by mass, the cobalt had a
CoO-equivalent concentration of 3.5% by mass, and the nickel had a NiO-equivalent
concentration of 1.0% by mass. Further, the average stacking number for molybdenum
sulfide slab in the hydrofreating catalyst g was 2.2,

[0072]

15 [Comparative Example 10: Preparation of hydrotreating catalyst h]

With the exception of not using the nickel carbonate during the metal supporting
performed in the fourth step, a hydrotreating catalyst h was prepared in the same manuer
as Example 5. For the activated metal components within the hydrotreating catalyst h,
the molybdenum had a MoOQj;-equivalent concentration of 18% by mass, and the cobalt

20  had a CoO-equivalent concentration of 3.5% by mass. Further, the average stacking
number for molybdenum sulfide slab in the hydrotreating catalyst h was 1.4.

[0073]
[Comparative Example 11: Preparation of hydrotreating catalyst i]
With the exception of not using the cobalt carbonate during the metal supporting

25  performed in the fourth step, a hydrotreating catalyst i was prepared in the same manner



76 89 24 42 Exanple 7 ¢ 77 90 23 41 Exanple 8 d 78 91 24 43
Conparative Exanple 7 e 74
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as Example 5. For the activated metal components within the hydrotreating catalyst 1,
the molybdenum had a MoO;-equivalent concentration of 18% by mass, and the nickel
had a NiO-equivalent concentration 1.0% by mass. Further, the average stacking
number for molybdenum sulfide slab in the hydrotreating catalyst 1 was 1.5.

5  [0074]
[Comparative Example 12: Preparation of hydrotreating catalyst j]

With the exception of altering the final temperature to 400°C in the fifth step, a
hydrotreating catalyst j was prepared in the same manner as Example 5.  For the
activated metal components within the hydrotreating catalyst j, the molybdenum had a

10 MoOs-equivalent concentration of 18% by mass, the cobalt had a CoO-equivalent
concentration of 3.5% by mass, and the nickel had a NiO-equivalent concentration of
1.0% by mass. Further, the average stacking number for molybdenum sulfide slab in
the hydrotreating catalyst j was 2.8.
[0075]

15  [Hydrotreating of hydrocarbon oil]

Using each of the above-mentioned hydrotreating catalysts a to j, a vacuum gas
oil was hydrotreated in the manner described below, and the desulfurization activity was
evaluated.

Each of the hydrotreating catalysts (100 ml) was packed in a fixed bed reactor,

20  and a vacuum gas oil {boiling point range: 343 to 550°C, sulfur content: 2.44% by mass,
nitrogen content: 0.085% by mass) was supplied to the fixed bed reactor at a rate 0£200
ml/hour to effect hydrotreatment. The reaction conditions during the hydrotreatment
included a hydrogen partial pressure of 6 MPa, a liquid hourly space velocity of 2.0 hl a
hydrogen/oil ratio of 2,500 scfb, and a reaction temperature of either 340°C or 360°C.

25 The results for the desulfurization rate and denitrification rate at each of the



87 19 36 Conparative Exanple 8 f 73 87 20 37 Conparative Exanple 9 5
69 85 19 36 Conparative Exanple 10 Ii 75 88
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reaction temperatures are shown in Table 2.

The desulfurization rate was calculated using the formula: (sulfur content
removed by hydrotreating / sulfur content within vacuum gas oil) x 100 (%). The
denitrification rate was calculated using the formula: (nitrogen content removed by

5  hydrotreating / nitrogen content within vacuum gas oil) x 100 (%).

[0076]
[Table 2]
Hydrotreating Desulfinrization rate (% by mass) | Denitrification rate (% by mass)
catalyst 340°C 360°C 340°C 360°C
Example 5 a 79 91 25 43
Example 6 b 76 89 24 42
Example 7 c 77 90 23 41
Example 8 d 78 91 24 43
Comparative
Example 7 e 74 87 19 36
Comparative ,
Example 8 f 73 87 20 a7
Comparative
Example 9 z 69 85 19 36
Comparative | - 5
Example 10 ! 75 0 37
Comparative .
Example 11 ! 83 & 13 36
Comparative .
Examgle 12 i 69 86 20 37
[0077]
10 The hydrotreating catalysts a to d of Examples 5 to 8, each of which was

produced via the first to fifth steps of aspect [6] of the present invention, had an average
stacking number for molybdenum sulfide slab of not more than 1.9. By performing
hydrotreating using these catalysts, the sulfur content and the nitrogen content within the

vacuum gas oil were able to be effectively removed.



20 37 Conparative Exanple 11 i 65 79 18 36 Conparative Exanple 12 |
69 86 20 37 [0077] 10The hydrotreating catalysts a to d of Exanples
5 to 8, each of which was produced via the first to fifth steps of
aspect [6] of the present invention, had an average stacki ng nunber
for mol ybdenum sul fide slab of not norg than 1.9. By performng
hydrotreati ng using these catal ysts, the sulfur content and the

ni trogen cont ent WelchidbftiEhydatiebifggRtlgt & oPEsepaitve@ Bxempr 7 that was
ef fectively renoved.
produced without adding boric acid in the second step, the hydrotreating catalyst f that
was produced without adding trisodium phosphate in the first step, and the hydrotreating
catalyst g that was produced without adding sodium silicate in the first step, the
5  denitrification rate was lower than that observed in the examples. TFurther, the
desulfurization rate was also lower for the hydrotreating catalyst f of Comparative
Example §.
In the case of the hydrotreating catalyst It of Comparative Example 10 that was
pro.duced without adding nickel carbonate in the fourth step, and the hydrotreating
10 catalysti of Comparative Example 11 that was produced without adding cobalt carbonate
in the fourth step, both the desulfurization rate and the denitrification rate were lower
than those observed in the examples.
In the case of the hydrotreating catalyst j of Comparative Example 12 that was
produced with the final temperature in the presulfiding treatment of the fifth step
15  increased to a temperature higher than 380°C, the average stacking number for

molybdenum sulfide slab exceeded 1.9, and both the desulfurization rate and the

denitrification rate were lower than those observed in the examples.

INDUSTRIAL APPLICABILITY
20 [0078]

A hydrotreating catalyst of the present invention exhibits excellent levels of both
desulfurization activity and denifrification activity. Further, a process for producing a
hydrotreating catalyst according to the present invention enables a hydrotreating catalyst
having excellent levels of both desulfurization activity and denitrification activity to be

25  produced with comparative ease. Moreover, a process for hydrofreating a hydrocarbon



44 In the case of the hydrotreating catal yst e of Conparative
Exanple 7 that was produced w thout adding boric acid in the second
step, the hydrotreating catalyst f that was produced w t hout addi ng
trisodi um phosphate in the first step, and the hydrotreating catal yst
g that was produced wi thout adding sodiumsilicate in the first step,
the Sdenitrification rate was | ower tffan that observed in the

exanpl es. &H&g{—ﬁ{ngltél tsht% pgéasgﬂtﬁli%}oéﬁ{i&?éﬂaﬁl@s 5 dhk \éﬁlgelgtl-aﬁ@ a e Effent f2€

r
hydrotreating ca nparative anp In the case

of the hydrotreating catalyst h. rat| . t was
pr oduced et%ﬁtfvegdg%nﬁﬁedgi cé’?lra%:n%iybé%%g? %erlﬁrllllﬂ%é %&%%ﬁmﬁg%ﬂﬁand t he

hydr ot r eat.i B’ﬁ"? catalyst i of Conparative Exanple 11 that was

pr oduced WP&% ly'adding cobalt carbonate in the fourth step, both the
desul furization rate and the denitrification rate were | ower than

t hose observed in the exanpl es. In the case of the
hydrotreating catal yst j of Conparative Exanple 12 that was produced
with the final tenperature in the presulfiding treatnment of the fifth
step 15 increased to a tenperature higher than 380C, the average
stacki ng nunber for nol ybdenum sul fide slab exceeded 1.9, and both
the desulfurization rate and the denitrification rate were | ower than
t hose observed in the exanpl es. | NDUSTRI AL APPLI CABI LI TY 20[ 0078]

A hydrotreating catal yst of the present invention exhibits excellent

| evel s of both desulfurization activity and deninification activity.
Further, a process for producing a hydrotreating catal yst according
to the present invention enables a hydrotreating catal yst having
excel lent levels of both desul furization activity and denitrification
activity to be 25 produced with conparative ease. Mreover, a process
for hydrotreating a hydrocarbon 45 oil according to the present

i nvention enables a sulfur content and a nitrogen content to be
effectively renoved. Accordingly, the present invention is extrenely
useful industrially. 46



CLAIMS 1. A hydrotreating catal yst prepared by supporting

nmol ybdenum cobalt and nickel on a carrier conprising alum num
silicon, phosphorus and boron, and then perform ng a presulfiding
treatment, wherein an average stacking nunmber for nol ybdenum
sulfide slab is greater than 1.0 but not nore than 1.9, and t he
carrier conprises (a) an al uni num cont*€nt, cal cul ated as al uni num

oxi de (Al 203), of not |less than 75@6by mass, (b) a silicon content,
calcul ated as silicon oxide (Si02), g2 to 10.0% by nass, (c) a
phosphorus content, cal cul ated as pﬁbsp orus oxide (P205), of 1.0 to
5.0% by mass, and (d) a boron content, cal cul ated as boron oxi de

B203), of,1.0 ded i
otal & 100b by hRuiotele Sl B BeFl Emelab Pl S bl
cl ai m 1 wherziavidredmpridging ahnd@onnsitiaing ﬁmtphoﬁﬁlaﬁdlb@bﬁ,dnﬁ&eﬂpbrfd}dﬁ{gwn

oxi de (MO within a.range from10 to 23% by nmass, (0 a cobalt
cont ent, g%ﬁ?ﬂf“ﬁ?%tﬁeag’%enéd’ﬁﬁwgoxi de (Co0), is within a range from1.0

to 5.0% by massin addiage(s@ickiag Ringke!foraBslyeRbum edtigd st i€ dreatr M€ ko lbuoxi de
(NO, is V\nthlnargng fromO0.2 to 3.0% by mass, provided that the
hydr otreat‘i‘%@méea han L8taifass totals 100% by mass. 3. A process for

produci ng the hﬂéjcfaﬁ‘ieﬁ e@hpms El%@mmnuap&gfeﬂﬂ BlcllQeChsaluRituRbxide t he
process COI’TpI'I sin ecti n% a cat aryst precur sor prepar ed

by suppor t%h?ﬂr@f?‘ﬂd%smhw 756’&)“"{‘&3% aiiligen corpent.£alenlated @s Slh@ﬂﬁﬂxi@l ng
al um num @i 0.2 19 h@@%hﬁ/"rh'a%s %Ebda ﬂ?ﬁEﬂl@msE&lt@rxtﬂaﬁﬁlH eﬁ'agkﬁfﬂpﬁcfr@sat ment

such that an average stacking nol ybdenum sul de sl ab
fol | owi ng %ﬂef(i’d?iéﬁ il Grio ﬁ@"/'gbﬁaﬂsérﬂnﬂtﬁ@rﬁ bpray dententherlontaedeastbieon oxidg,

4. A procegsoloss ﬂ't)’{grl@toﬁ/e@ﬁ dllrn aﬁ-goﬁé{{) tiﬂft%@&ﬂqe? bdass (bR l%ﬁmcb?ﬁ%ss-

conpri si ng bri’ngi ng the h I nto contact
hydrotreating catal yst according to claiml1l or 2 in presence of

hydrogen. , 47 -, hgare{r%ﬁg Satf19& a&opﬂﬁgfo%uﬂ1%@&%{@9&0%@%&&2' yst,

t he process conp
al um num scahtenaqa]edajsi sohalyhdenura nsida (Ma@i)ds adithimiaremge it 1 GigRa bty

sol Ut on 10,01B3eR58: L, ANITRNALE o] 835, 806, R1b) P b GACTb BY° 2

pH of 6.5 t alning a secon
addi ng boro0tstbg niaks aind/@) ahmk&laomemp@ﬂcmlwedmamcmlo&ninl(iNm?g, mthhnaal a

L s o e e R S

cobal t andiootcyahasen the carrier to obtain a cat aI yst precursor, and

3. A process for producing the hydrotreating catalyst according to claim 1 or 2, the
process comprising:

subjecting a catalyst precursor, prepared by supporting molybdenum, cobalt and
nickel on a carrier comprising aluminum, silicon, phosphorus and boron, to a presulfiding
treatment such that an average stacking number for molybdenum sulfide slab following

sulfidization is greater than 1.0 but not more than 1.9.

4, A process for hydrotreating a hydrocarbon oil, the process comprising bringing
the hydrocarbon oil into contact with the hydrotreating catalyst according to ¢laim 1 or 2

in presence of hydrogen.



a fifth step of performng a presulfiding treatnent by bringing the
catal yst precursor into contact with a m xed gas conprising hydrogen
and hydrogen sul fide under conditions including a pressure of not

| ess than 2.0 MPa and a nmaxi mum tenperature of 240 to 380C. 6. The
process for producing a hydrotreating gatalyst according to claimb5,
wherein the supporting of nol ybdenum ‘Cobalt and nickel on the
carrier is perforned in presence of phosphoric acid and a carboxylic

aci d conpognd ﬂpmeesbmwdﬁaa&hﬁgals@éaﬁhyéattawsméﬁ@&syéd islh@® process

according to claim5 prepared by supporting beaenum
cobalt and nic I@eﬁl’Stc?FﬁPé’f ém'cmg @?acgb%ﬁﬁmmun@a&awmﬁungn ppcbesic

phosphor us,;;antuRALRY ueﬁ{fb%ofutﬂgﬁ mﬂﬁésfef?{ergf Pg?sgha% 1%?&’{)1%1 Hicag 15:{ ?@%ﬂﬁe@% b

wher ei n an ave age stac nunmbe enum su
i s great erapihah6.3 19 &uherﬁhxobmahﬁdﬁat& 9, and t he carr| er

00 " of o S U0 S SRS S B AP i,

cal cul at ed as sithirdsiep tnf)maiémg cht)@)c;mmg the c@ritrefofing) SateyialmaeBtain(aC) a

phosphorus cqytent cal cul ated as phosphorus oxide (P205), of 1.0 to
5. 0% by meed “and (d) a boron content, calcul ated as boron oxide

( 8203) of 1.0 atfmrﬂlfkt@ﬁbfbyppﬁﬁﬁlg,m@ymmdﬁ,(iobdl%d hiRRel@altlid ®ITidFBSSEbtain
totals 100% aY
catalyst preculsor and

a fifth step of performing a presulfiding treatment by bringing the catalyst
precursor into contact with a mixed gas comprising hydrogen and hydrogen sulfide under
conditions including a pressure of not less than 2.0 MPa and a maximum temperature of

240 to 380°C.

6. The process for producing a hydrotreating catalyst according to claim 5, wherein
the supporting of molybdenum, cobalt and nickel on the carrier is performed in presence

of phosphoric acid and a carboxylic acid compound.

7. A hydrotreating catalyst produced using the process according to claim 5 or 6, and
prepared by supporting molybdenum, cobalt and nickel on a carrier comprising
aluminum, silicon, phosphorus and boron, and then performing a presulfiding treatment,
wherein

an average stacking number for molybdenum sulfide slab is greater than 1.0 but
not more than 1.9, and

the carrier comprises (a) an aluminum content, calculated as aluminum oxide
(Al 0O3), of not less than 75% by mass, (b) a silicon content, calculated as silicon oxide
(8i02), of 0.2 to 10.0% by mass, (c) a phosphorus content, calculated as phosphorus
oxide (P20s), of 1.0 to 5.0% by mass, and (d) a boron content, calculated as boron oxide

(B203), of 1.0 to 10.0% by mass, provided that the carrier mass totals 100% by mass.



